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RELATIVE DATA OF CHEMICAL EQUILIBRIA GOVERNING THE SEPARATION OF 
ZIRCONIUM FROM HAFNIUM 


I. DETERMINATION OF EQUILIBRIUM CURVES 
(in French) 


Factors influencing the extraction of macro amounts of zirconium by tributylphosphate and his 
separation of zirconium from hafnium are discussed. 


. 
4 J. Hurt, M. Rastoix anp R. Saint-JAMES Anal. Chim. Acta, 25 (1961) 1-9 
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A PROCEDURE FOR THE DETERMINATION OF THE RARE EARTH ELEMENTS, 
LANTHANUM THROUGH LUTETIUM, IN CHONDRITIC, ACHONDRITIC AND 
IRON METEORITES BY NEUTRON-ACTIVATION ANALYSIS 


The abundances of the rare earths, lanthanum through lutetium, have been determined in 
chondritic, achondritic, and iron meteorites by neutron-activation analysis. The procedure used 
should also be applicable to the analysis of terrestrial stones and sediments. After exposure to a 
thermal-neutron flux of 2-101? neutrons/cm?/sec for 2 h, the chondritic or achondritic sample, 
with added rare earth carriers, is dissolved after sodium peroxide fusion. Iron specimens are 
dissolved in a hydrochloric acid medium. The rare earths are then separated as a group from the 
matrix and are individually separated by means of a Dowex 50 W-X12 cation resin column and 
elution with 1 M ammonium lactate. This method is sensitive to fractional parts per million of the 
individual rare earths. The abundance of scandium may also be determined in the same procedure. 


A. W. MoseEn, R. A. SCHMITT AND J. VASILEvskIs, Anal. Chim. Acta, 25 (1961) 10-24 


EDTA TITRATIONS WITH EXTRACTIVE END-POINTS 
I. DETERMINATION OF COBALT 


A method for the determination of cobalt by the addition of excess EDTA and back-titration 
with standard cobalt solution is recommended. The titration involves an extractive method of 
snd-point detection, depending upon the appearance of the blue colour of the ion-association pair 
Ph3MeAs]2{Co(SCN)4] in chloroform. The method is therefore suitable for the estimation = cobalt 
n highly coloured aqueous solutions. Average errors can be expected to be less than 0.5%. 


A. J. CAMERON AND N. A. Gipson, Anal. Chim. Acta, 25 (1961) 24-27 
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A SOLVENT EXTRACTION METHOD FOR THE SEPARATION OF IODIDE 


solvent extraction is proposed for the isolation of anions. Data obtained in the extraction of 
odide using cadmium as complexing agent under the influence of such factors as pH, addition 


f excess cadmium ions, initial concentration of the cadmium iodide solution and temperature 
re presented. 


P. W. West AND A. S. Lorica, Anal. Chim. Acta, 25 (1961) 28-33 


SITRIMETRIC METHODS FOR THE MICRO DETERMINATION OF HALOGENS IN 
ORGANIC COMPOUNDS BY THE RAPID COMBUSTION PROCEDURE 
Il. THE SIMULTANEOUS DETERMINATION OF THE HALOGENS IN THE PRESENCE OF EACH OTHER 
“he absorption of the gaseous combustion products from the rapid, empty tube combustion pro- 
edure has been studied. Organic compounds containing any combination of chlorine, bromine, 
nd iodine as well as oxygen, nitrogen and sulphur have been examined. Several methods based 


n established titration procedures have been developed for the simultaneous microdetermination 
f£ any two or all three halogens in organic materials. 


R. BELCHER AND J. E. Fives, Anal. Chim. Acta, 25 (1961) 34-41 


ON THE CONCENTRATION AND SEPARATION OF THE TRACE ELEMENTS: 
Fe, Cu, Zn, Mn, Pb, Mo and Co 


I. ION EXCHANGE METHODS 


‘ation-exchange materials and selective elution with acetone—hydrochloric acid mixtures are 
sed to concentrate the constituents of biological ashes and to separate them into the groups: 
1504-2, SOs-2, PO,-3> Fet?, Zn+2, Pbt?, Cut2; Cot+?, Mn+?; Nat, Kt, Cat? and Mgt?. 


P. C. vAN ERKELENS, Anal. Chim. Acta, 25 (1961) 42-50 


ANALYSIS OF ARSENIC-IRON ALLOYS 


ontrary to expectation and to published recommendation it is not possible to ied ae ana ke ye 
uantitatively from As(V) on a cation-exchange resin. Ton-exchange can however aes = c 
he analytical separation of iron and arsenic if the iron is reduced to Fe(II) before the mixture 1s 
assed through the cation-exchange column. 


G. R. Duvat, R. IRonSIDE AND D. S. RUSSELL, Anal. Chim. Acta, 25 (1961) 51-56 
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CHROMATOGRAPHIC SEPARATION OF IONS IN PRESENCE OF 
OXALATE, 
TARTRATE AND CITRATE, USING AQUEOUS ETHANOL AS SOLVENT. II 


The separation of Al, Cr(III), Fe(III), Zn, Mn(II), Ni, Co, Ba, Sr, Ca, Mg, Na, K and NHgin ternary 
mixtures with or without the addition of complexing agents (oxalate, tartrate and citrate) by 
filter paper strip chromatography has been studied with aqueous ethanol as solvent. 


E. J. Stncu anp A. K. Dey, Anal. Chim. Acta, 25 (1961) 57-58 


COLORIMETRIC MICRODETERMINATION OF BORON IN STEELS WITH 
AZOMETHINE-H AS REAGENT 


(in French) 


A method is described for the determination of soluble and insoluble boron in steels based on 
preliminary separation with ion-exchange resin and colorimetric determination by means of 
azomethine-H. 


R. CapeELieE, Anal. Chim. Acta, 25 (1961) 59-68 


CRITICAL FACTORS IN THE COLORIMETRIC DETERMINATION OF SILICA 


The development of rapid colorimetric analytical techniques for silicates has catalysed many 
fundamental research programs in the geological sciences. Despite a multitude of papers on the 
silicomolybdate colorimetric technique for the analysis of silica which appear in the journals of 
nearly all sciences, it was found extremely difficult to adapt any published method for a particular 
purpose, and obtain reliable results. This is due to a lack of appreciation of the factors which control 
the silicomolybdate reaction. Data are given which indicate that the major factors are the polymer 
species of molybdate, which is controlled largely by the pH of molybdate stock solution; the 
concentration of molybdate; the ratio of acid to molybdate in reaction; and the type of acid used 
in the reaction. The effect of these variables is outlined, and an analytical procedure for both 
“soluble’’ and total silica outlined. 


G. J. S. Govett, Anal. Chim. Acta, 25 (1961) 69-80 


THE SPECTROPHOTOMETRIC DETERMINATION OF STRONTIUM WITH MUREXIDE 
; (AMMONIUM PURPURATE) 

A procedure for the spectrophotometric estimation of ug-quantities of strontium with murexide 
is described. Conditions for the optimum stability of the coloured strontium complex have been 


determined, the main feature being the addition of large quantities of ethylene glycol to the 
system. Most elements interfere so that it is necessary to isolate the metal before the determination. 


D.S. Russett, J. B. CAMPBELL AND S. S. BERMAN, Anal. Chim. Acta, 25 (1961) 81-84 
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SPECTROPHOTOMETRIC DETERMINATION OF SMALL AMOUNTS OF ALCOHOLS 


A spectrophotometric method for the determination of small amounts of methyl, ethyl, butyl 
and amyl alcohols is described. The sensitivity of the method is of the order of 10 ug/ml of test 
solution in the case of butyl and amyl alcohols and 20~30 g/ml in the case of ethyl and methyl 
alcohols. The molar extinction coefficient rises with the molecular weight of the alcohol. The nature 
of the alcoholic complex is not yet known. 


M. STILLER, Anal. Chim. Acta, 25 (1961) 85-89 


SPECTROGRAPHIC DETERMINATION OF BORON IN NUCLEAR GRAPHITE 


A spectrographic method is described for the determination of boron (0.2—1.0 p.p.m.) in nuclear 
graphite and for the estimation of 0.1-0.2 p.p.m. of boron. Neither boron-free graphite electrodes 
nor additional foreign substances as internal standard are required. Both the electrodes consist of 
sample powder, properly bakelite-processed. The standard deviation is 10%. 


F. GIANNI AND F. Potenza, Anal. Chim. Acta, 25 (1960) 90-92 


PILOT-ION COULOMETRY WITH DROPPING MERCURY ELECTRODES 


The theory and the experimental and chemical requirements of pilot-ion coulometry with the 
dropping mercury electrode are outlined, and several examples are given of its application to the 
determination of n-values for half-reactions occurring in polarographic experiments. 


R. E. Cover AND L. Mertes, Anal. Chim. Acta, 25 (1961) 93-96 
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ANALYTICA CHIMICA ACTA 3 


DONNEES RELATIVES AUX EQUILIBRES CHIMIQUES 
REGISSANT LA SEPARATION ZIRCONIUM- HAFNIUM 


I. ETABLISSEMENT DES COURBES D’EQUILIBRE 
J. HURE, M. RASTOIX et R. SAINT-JAMES 
Département de Métallurgie, Service A.R.C.A., Gif-sur-Yvette ( France) 


(Regu le 21 novembre 1960) 


INTRODUCTION 


Lorsque fut publié pour la premiére fois 4 Genéve le procédé de séparation du zirco- 
nium et de l’hafnium par le phosphate tributylique, les teneurs préconisées pour 
la solution de zirconium alimentant l’extracteur étaient les suivantes: Zr: 10 g/l; 
HNOs: 3 NV; NaNOs: 3.5 M. 

Nos conditions de travail actuelles sont les suivantes, pour cette méme solution: 
Zr: 60 g/l; HNO3: 6 N; NaNOs: néant. 

Ce sont tout d’abord les études nous ayant conduits a ces modifications que nous 
présenterons ici. Nous examinerons ensuite le probléme de la “3éme phase’’, phase 
bien connue de tous ceux qui ont utilisé le phosphate tributylique (TBP) en mélange 
avec un solvant paraffinique, pour l’extraction du zirconium et du thorium et qui 
consiste en une démixtion du solvant en 2 phases, l’une riche en TBP, l’autre en 
diluant paraffinique. 

Enfin, nous aborderons le probléme du ‘“‘vieillissement’’ du solvant et de sa régé- 
nération. 

(1) Suppression du nitrate de sodium. Bien que plus favorable que l’acide nitrique 
a une bonne séparation du zirconium de l’hafnium, l’usage de NaNOs en exploitation 
industrielle comporte certains inconvénients: plus cher et moins pur que l’acide 
nitrique, il augmente la viscosité de la solution et, par conséquent, le temps de dé- 
cantation. De plus, sa présence interdit la récupération de l’acide nitrique, facteur 
important du prix de revient. I] a donc été décidé d’établir les courbes d’équilibre 
completes pour le zirconium et pour l’hafnium, pris isolément, a différentes concentra- 
tions et différentes acidités en présence d’acide nitrique seul. 

(2) Interaction Zy-Hf. La séparation est meilleure que les coefficients de partage 
respectifs du zirconium et du hafnium ne le laissent prévoir, indiquant une interaction 
sur laquelle, 4 notre connaissance, aucun chiffre n’a été publié. Nous traiterons prin- 
cipalement de l’influence du rapport Zr/Hf sur l’extraction de Hi. 

(3) Au dela d’une certaine teneur en zirconium et en acide nitrique, on constate, 
ors de l’extraction en ampoule a décanter, l’apparition d’une deuxiéme phase solvant. 
Les anglais HupswELt et al.? ont publié les résultats d’essais systématiques sur ce 
sujet. Malheureusement, ils ne relient pas cette apparition a la concentration en 
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zirconium des phases solvant, mais uniquement a la concentration de la phase aqueuse 
de départ. Or, en production industrielle, ot les rapports de débits, les acidités et les 
températures des solutions risquent de varier, il importe de connaitre la concentration 
limite du zirconium dans le solvant, avant l’apparition de la 3éme phase. Les résultats 
intéressants du rapport anglais demandent a étre completes. 

(4) Enfin, la derniére partie de notre exposé traitera de l’évolution du solvant, 
en milieu acide, en présence ou en l’absence de zirconium et en fonction du temps; 
cette étude devant étre complétée par des essais synthétiques permettant d’apprécier 
Vinfluence des produits connus de l’hydrolyse du solvant, sera faite a la température 
ambiante. 


MODE OPERATOIRE 
Méthodes analytiques utilisées 

Dosages volumétriques 

La concentration en zirconium ou hafnium de la phase aqueuse est déterminée par 
voie complexométrique en utilisant le fer ferrique comme titrant et l’acide salicylique 
comme indicateur?. 

Le zirconium dans le solvant est dosé de la méme maniére, aprés précipitation a 
la potasse alcoolique et redissolution en milieu aqueux; ce mode de dosage étant 
utilisé pour des teneurs supérieures a 5 mg Zr dans la prise dessa. 


Dosages colorimétriques 
Pour les faibles teneurs en zirconium, on utilise la colorimétrie du composé zirco- 


nium -—acide chloranilique en milieu perchlorique, telle qu’elle est pratiquée depuis 
longtemps au laboratoire?. 


Dosages acidimétriques 

Il est important de connaitre “‘l’acidité libre’ de la phase aqueuse. Ce dosage sera 
fait par potentiométrie de la neutralisation par la soude; on déduira du résultat trouvé, 
l’acidité due au zirconium qu’on suppose étre, pour simplifier, sous la forme ZrO+*?, 
c’est-a-dire consommant 2 molécules d’hydroxyde de sodium par molécule, pour sa 
neutralisation. Cette hypothése donne a tout le moins un point de repére, valable dans 
des conditions opératoires toujours identiques. 


Utilisation des traceurs radioactifs 
Pour étudier l’interaction Zr—Hf dans le processus d’extraction, nous avons choisi 


d’utiliser 181Hf comme traceur, ce qui permettait d’éviter les méthodes longues com- 
me la spectrographie. On dosera donc Hf par comptage et Hf + Zr par volumétrie. 


Préparation des solutions 
Solution nitrique de zirconium 
T ; ng : : ; i 
Nous disposons d’une tourie (301) d’une solution contenant 107 g/l de zirconium, 


2.6 g/l (hafnium et 6.66 moles d’acide nitrique libre. Cette solution mére sera ajustée 
aux conditions de concentration et d’acidité voulues. 


N.B. On constate que la solution mére n’est pas stable, se trouble et dépose trés 
lentement. Sa concentration a varié en six mois de 107 a 100 g/l. Toutefois, aprés 
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filtration, cette solution donne des coefficients de partage indépendants de son 
age. 


Solutions de traceurs 


La solution contenant le traceur Hf est préparée par attaque, a l’acide nitrique 
fumant, de son oxyde irradié (l’attaque est d’ailleurs longue et souvent incomplete). 
Les solutions filtrées sont ensuite ajustées selon les besoins. On vérifie par comptage 
et volumétrie que le comportement de ces solutions est bien identique a celui de la 
solution inactive. 


Préparation du solvant 


Le tributylphosphate est dilué, comme il est courant, avec du white spirit dans la 
proportion: TBP 60%, white spirit 40%, en volume. Le white spirit est un solvant 
paraffinique désaromatisé de densité 0.75 et de point d’ébullition compris entre 130° 
et 190°. Préalablement a l’extraction, le solvant est acidifié de maniére a réduire au 
maximum I’échange d’acide nitrique pour que le zirconium puisse étre raisonnable- 
ment considéré comme intervenant seul dans le transfert. 

Ceci n’est qu’une premiére approximation, dont le degré de précision dépend et 
de Vacidité et de la concentration en zirconium, mais l’approximation est inchiffrable 
puisqu’on ignore quels ions de Zr existent en solution et qu’on ne sait pas définir rigou- 
reusement l’acidité libre d’une solution de zirconium. 

Quoiqu il en soit, pour les extractions 4, 5, 6 ou 8 N, on acidifiera donc le solvant 
en l’agitant pendant quelques minutes avec un volume égal d’une solution d’acide 
nitrique 4, 5, 6 ou 8 N. Le solvant ainsi acidifié peut étre conservé pendant quatre 
ou cing jours. Nous avons vérifié par ailleurs que, en ce qui concerne l’extraction, 
des lots de TBP de différentes origines se comportaient de maniére comparable. 


Extraction 

Des volumes égaux de phase aqueuse et de phase solvant, en général 10 ml, sont mis 
en présence dans une ampoule a décanter et agités 4 la main pendant deux minutes 
environ. Les volumes respectifs des phases ne varient pratiquement pas (<3%). On 
préléve ensuite une aliquote de phase aqueuse et de phase solvant, dans lesquelles 
on fait le dosage. Dans le cas ot l’on a apparition d’une troisiéme phase, on note le 
volume respectif de chaque phase et sa concentration en zirconium. 


RESULTATS 
Extraction du zirconium par le TBP 

Nous avons cherché a tracer les courbes de partage du zirconium a diverses concen- 
trations et dans différents milieux nitriques. Les dosages ont été faits par voluméetrie, 
systématiquement dans les phases aqueuses, pour vérification seulement dans les 
phases solvants. ‘neh ess 

Un milieu nitrique 4 N doit s’entendre: milieu contenant 4 moles d’acide nitrique 
libre. Les résultats sont reproduits sur le Tableau I (cf. Fig. 1). 

Le Tableau I nous donne déja quelques éléments sur l’importance de la teneur en 
zirconium de la phase solvant au moment ot elle se sépare en deux, Plus la solution 
est acide, mieux le zirconium s’extrait, ce qui explique la constatation faite par 
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TABLEAU I 


PARTAGE DE Zr ENTRE UNE PHASE AQUEUSE NITRIQUE ET LE SOLVANT ACIDE 


sees lt @a 8 ol. 

Acidité a oe A ee Ae S ben gl He 5 bie, p > sles E% azr 
4 1.03 10 igo) 0.47 0.56 54.8 1.19 
4 5.16 10 10 3.04 Dei Auey2 0.69 
4 10.3 10 10 GD 3.1 34 0.49 
4 20.6 10 IO 16 4.6 22.4 0.28 
4 23.2 10 10 18.2 5 21.6 0.27 
4 25.8 IO ike) 20.5 533 20.5 0.25 
4 41.2 10 10 34 ae? 17.5 0.21 
4 61.8 10 IO 2 9.8 15-9 0.18 
5 0.9 10 10 0.2 0.7 77.8 3.5 
5 5.82 10 10 1.82 4 68. 22) 
5 9.25 10 10 3-93 5-32 57-5 1.36 
5 L7e2 IO IO 8.8 8.4 48.8 0.95 
5 28.8 10 10 16.8 I2 41.6 0.71 
5 52.8 10 10 33-2 19.6 Whe 0.59 
5 68.8 10 9.6 46.6 2252, 0.4 indosable 32.3 
6 1.03 10 9.6 0.13 0.90 87.5 6.65 
6 5.60 10 9.6 0.88 4.72 84.2 5.30 
6 10.2 10 9.6 1.84 8.40 82.4 4.56 
6 13.8 10 9.6 3.24 10.6 70.7 3527, 
6 13.9 10 9.6 3-41 10.5 75.5 3.08 
6 E71 10 9.6 4.30 12.8 75.0 2.98 
6 19.7 10 9.6 5.38 14.3 72.5 2.66 
6 27.3 10 9.6 9.50 17.8 65.2 1.87 
6 30.9 10 9.6 a 19.7 63.7 1.76 
6 35-0 10 9.6 03.7 20-3 60.8 1.55 
6 36.7 10 9.6 Lan, 22.0 60.0 1.50 
6 S78 10 9.6 15.1 22.0 59.4 1.45 
6 48.0 10 8.5 21.5 26.5 1.5 non dosé 55.2 1.23 
6 59.8 9.5 8.5 28.3 31.5 2 non dosé 
6 69 9-5 8.5 35-3 B37) 2 non dosé 
6 77 9.5 8.4 40 39.7 Del non dosé 
6 96.4 9.5 8 53-3 43-1 2.5 non dosé 
8 20.6 10 10 0.92 19.7 95.0 21.9 
8 41.2 10 7.8 7.5 42.5 2.4 0.32 79.1 
8 61.8 10 7.8 13.9 61.2 2.5 0.79 75-7 


HUDSWELL suivant laquelle la troisitme phase apparait pour une concentration en 
zirconium, d’autant plus faible dans la phase aqueuse, que l’acidité de cette méme phase 
est plus élevée. La concentration limite en zirconium dans le solvant au moment de 
lapparition de la 3éme phase, se situerait & 22-25 g/l. Nous reviendrons plus loin 
sur ce probléme. 


La Fig. 2 donne une autre représentation du phénoméne d’extraction. oz, n’est 
autre que la pente de la courbe précédente. 

Par suite de l’intérét présenté par le milieu d’acidité “‘libre’’ 6 N (intérét dont nous 
trouverons la justification dans la suite de ce texte), nous avons été amenés a étudier 
ce milieu avec particuliérement de soin. Par la méthode des moindres carrés, nous 
avons ensuite déterminé la courbe théorique représentant le mieux les résultats 
expérimentaux. On trouvera sur la Fig. 3 le tracé de la courbe théorique (qui est une 


hyperbole) par rapport aux points expérimentaux, lesquels donnent une bonne idée 
de la reproductibilité des résultats. 


Anal. Chim. Acta, 25 (1961) 1-9 


EQUILIBRES CHIMIQUES REGISSANT LA SEPARATION Zr—Hf .1. 


Extraction du hafnium par le TBP 


-es dosages ont été faits par complexométrie pour les concentrations supérieures A 
) mg Hf/ml, et par colorimétrie au-dessous. Les modes opératoires sont bien entendu 


10 20 30 40 50 60 


‘ig. 1. Distribution de Zr a diverses concentrations en HNO3. ———— 2 phases, ~ 3 phases, 
ee zone d’apparition de la 3éme phase. 


——— 


25 


20) 


5 10 15 20 


Fig. 2. Coefficient de partage azr. Fig. 3. Extraction Zr en milieu nitri- 
que 6 N. courbe théorique; 
.... points expérimentaux. 


s mémes que pour le zirconium, seul l’étalonnage change. Les résultats sont repro- 
1its sur le Tableau II et les Figs. 3 et 4. ; 
Si nous examinons maintenant les trois Tableaux et les courbes représentant nos 


sultats, quelques remarques s'imposent: slag th 
(z) La précision sur la détermination de aur est trés mauvaise pour les faibles te- 


Anal. Chim. Acta, 25 (1961) 1-9 


6 J. HURE, M. RASTOIX, R. SAINT-JAMES 


neurs (<r g/l). Ceci est di au fait que nous nous trouvons dans une partie de consi 
trés verticale ot de trés faibles variations ont une influence notable, et également a 
i Scisi é neurs. 
l'imprécision des dosages a ces te cori 4 
(2) «ue reste trés inférieur a 1 pour des acidités libres <4 N, méme pour les faibles 
concentrations. 


TABLEAU II 


a 
PARTAGE DE Hf ENTRE UNE PHASE AQUEUSE NITRIQUE ET LE SOLVANT ACIDE 


idité | 7 7 8 gil @a IL @s 9 

‘ ny es oe rt aay, 7 sy eg. Ae a Véq. E% Ong 
4 5-5 10 10 4.82 0.74 13 0.15 
4 16.5 10 10 15.1 0.77 4.7 Soe 
4 27-5 10 10 20.4 0.74 Boy 0.02 
5 2 10 10 0.100 0.175 63 1.75 
A ee 10 10 0.265 0.285 51 1.08 
5 1.10 IO 10 0.570 0.530 48 ee 
5 1.27, 10 10 0.930 0.34 26.8 0.3 
5 Pere 10 10 1.72 0.48 21.8 0.27 
5 2.6 10 10 2.02 0.58 22.1 0.29 
5 Bey 10 10 4.92 0.58 10.5 fo) . 
5 6.4 10 10 5-5 1.0 15.6 O.1 
5 II 10 10 9.58 1.48 13.5 0.15 
5 ing 10 10 TD. 1.8 Leg 0.16 
5 22 10 10 19.3 2.8 105} 0.14 
5 38.5 10 10 34.8 3.85 pao) OnE 
6 0.275 10 10 0.050 0.225 81.5 4.4 
6 0.550 10 10 0.150 0.400 2 2.67 
6 aea Ko) 10 10 0.400 0.700 63.5 1.75 
6 1.09 sie) 10 0.535 0.555 51 1.04 
6 2.2 10 10 1.28 0.92 41.7 O72 
6 2.24. 10 10 ite 1.0 44.6 0.83 
6 5.5 10 10 3.68 1.82 33 0.51 
6 5.6 10 10 3.6 2.0 35-7 0.55 
6 II 10 10 WoW 3.9 35.2 0.55 
6 22 10 10 15.6 6.4 29.4 0.41 
6 44 10 Ke) 33.8 10.2 2212 0.3 
f 5.5 10 10 1.58 3.92 Tie 2.48 
7 ct 10 ie) 3.84 pe? 65.5 1.85 
7 22 10 10 9.6 12.4 56.3 1.29 
fi 55 10 IO Be 23 41.8 0.72 
8.5 5.5 10 10 0.2 5.3 96.5 20.5 
8.5 Il 10 10 0.64 10,3 94.5 16.2 
8.5 22 10 IO 1.9 20,1 91.5 10.6 
8.5 38.5 ite) 10 Teak 31.2 81.3 4.3 


cf. Figs. 4 et 5 


(3) Mais azr restant également petit 4 ces acidités, le travail dans ces condition 
ne serait pas économiquement rentable. 

(4) Inversement, au dessus de 6 N, Zr et Hf s’extraient tous deux (x 252), 
scparation serait donc mauvaise. C’est donc entre 5 et 6 N que doivent se trouve 
les meilleures conditions de travail. 

Bien que par suite de l’interaction, il soit sans signification de calculer un coefficien 
de séparation 6 = azr/xnt, nous ferons néanmoins le calcul pour évaluer, au moin 
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NI 


TABLEAU III 


CALCUL DE p AVEC LES DONNEES DES TABLEAUX I ET II 


Acidité Zt II 

N depen ee Oe ony B 

5 2.5 2.5 3 0.28 10.7 
5 5 5 BP 0.18 12.2 
5 10 10 Ling} 0.16 8.1 
5 20 20 0.85 0.14 6.0 
5 40 40 0.62 O.II 5.6 
5) 2-5 0.25 3 if toi 
5 5 0.5 Dive, 1.08 2.0 
5 10 I rigs} 0.7 1.8 
5 20 2 0.85 0.25 3-4 
5) 50 5 0.6 0.18 B53 
6 2.5 2.5 7.6 0.7 10 

6 5 5 6.6 0.6 iPr 

6 10 10 4.5 0.52 8.6 
6 20 20 2 0.41 6.6 
6 35 35 1.6 0.35 4:7 
6 2.5 0.25 7.6 4.4 Caf 
6 5 0.5 6.6 2.67 2.5 
6 10 1.0 4.5 1.5 3.0 
6 20 2.0 2 0.8 3.5 
6 55 3-5 1.6 0.7 2.3 


srossiérement, l’influence de l’acidité et pour mieux mettre en évidence l'importance 
de cette interaction que nous voulons étudier. Nous ferons ce calcul de deux maniéres 
également arbitraires: 1. Nous prendrons comme référence le « pour |Zr| = {Hfj. 2. 
Nous ferons le rapport $ pour |Hf| = |Zr|/10 (cf. Tableau III). 

On voit que le calcul de f est entaché d’une grosse imprécision dans la z6ne Hf < 
rt g/l, ce qui est logique. Malgré cela, on constate que le facteur de séparation reste 
comparable, que le milieu soit 5 N ou 6 N. Pour des questions de rendement, il semble 
Jone préférable de choisir le milieu 6 N. C’est dans ce milieu que nous étudierons 
’interaction. 


Etude de interaction Zr-H} dans le processus d' extraction 


Influence de Zr sur l’ extraction de Hf 


Pour cette étude, nous avons utilisé du hafnium marqué. Le dosage a été fait par 
-omptage dans les deux phases. La somme zirconium plus hafnium a été ensuite dosée 
lans la phase aqueuse par voie chimique. Les résultats obtenus donnent une bonne 
valuation de l’influence du zirconium sur Hf. 

Les essais ont été faits dans trois domaines: 1. Sur un mélange initial contenant 
n poids 90% Zr et 10% Hf a des concentrations totales variant de Io a 50 g/l, 2. 
sur un mélange contenant 50%, Zr et 50% Hf & des concentrations variant de 1 a 
0 g/l, 3. Sur un mélange contenant 90% Hf et 10% Zr a des concentrations vanant 
le 4 20 g/l. Ces concentrations correspondent, en gros, aux conditions expérimen- 
ales dans lesquelles nous pouvons nous trouver. Les résultats sont reportes sur le 
Pableau IV. La somme des comptages en phase solvant et en phase aqueuse donne 
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une idée de la précision des mesures. Les différentes courbes de partage de Hf pour 


différents rapports Hf/Zr sont figurés sur les courbes Fig. 5. 
On voit que pour des teneurs en Hf égales, la présence de Zr divise le facteur « 
——.- = 


ao 
<a sea cg Sm 


30) 


20 


Hf g/l ? départ 
Rs 


T 
20 io) 
| 


| 
| Hf ofl départ 
) 10 20 30 40 10 20 30 40 


Fig. 4. Distribution de Hf a diverses Fig. 5. Coefficient de partage aur. 
concentrations en HNOs. 


TABLEAU IV 
INFLUENCE DE Zr SUR L’ EXTRACTION DE Hf 


Solvant 60% TBP—40% WS, acide; milieu HNO3 6 N 


Hf + Zr Pa + Ps 

Composition g/l % Af Ga % Af Ps é Nay 
départ oy 

ite) 71.5 28.3 99.8 0.39 
10% Hf 20 84.7 17.5 102.2 0.20 
90% Zr 35 87.5 IT.4 98.9 0.13 
50 93.0 7.5 100.5 0,08 
I 45 55.1 100.1 122) 
50% Hf 5 66 29.6 95.6 0.45 
50% Zr 15 80.5 25.0 105.5 (jg 
35 88.8 supe 101.0 0.14 
I 40.6 57.0 97.6 1.4 
90% Ht 5 65.2 31.5 96.7 0.48 
r0o% Zr ime) 78.5 25.8 104.3 0.33 
20 80.7 19.3 100 0.24 
! I 30.5 63-5 1.74 
1oo% Hf 5 56.0 44.0 0.78 
Il 64.8 35-2 0.54 


2255 76.6 20.4 0,38 


par un coefficient 4 a ro (dans le domaine ot les rapports sont 10% Hf, go% Zr). 
Comme on peut affirmer que, pour des teneurs de 50 4 90%, l’extraction du zir- 
conlum ne se trouve pas diminuée, au contraire*, on peut raisonnablement dresser 


En effet on retrouve, dans le cas Hf et Zr, le cas du thorium et de l’uranium: le premier, qui 


s'extrait moins bien que le second, lui 
J s ui sert de relargant alors que son propre passage en phase 
solvant est inhibé. E t yt ik 5 3 
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in tableau des valeurs approximatives de # dans les conditions de travail actuelles 
oit: % Hf variant de 0.1 4 15% d’une extrémité a l’autre de |’extracteur (cf. Tableau 
v). 

Ce coefficient est en effet supérieur a celui que nous avons calculé en prenant les 
1ypothéses les plus favorables. 

On voit aussi qu'il se compare favorablement avec les coefficients de séparation des 


TABLEAU 'V 


COEFFICIENT DE SEPARATION TENANT COMPTE DE L’INTERACTION Zr—Hf 


Zr + Hf 3 
gi] p 
I 6.6 
2 10 
5 10 
LO Iit.4 
20 pe 


autres procédés de séparation: cristallisation du fluozirconate (6 # 4) et extraction 
lu thiocyanate de zirconium par l’hexone (4.< 6 < 5). 
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RESUME 
)n a examiné l’importance de divers facteurs influencant l’extraction par le tributylphosphate du 
irconium en quantités pondérales et sa séparation du hafnium. 

SUMMARY 
actors influencing the extraction of macro amounts of zirconium by tributylphosphate and this 
eparation of zirconium from hafnium are discussed. 

ZUSAMMENFASSUNG 
3eschreibung einer Untersuchung tiber das Verhalten des Zirkoniums und seine Trennung von 
Jafnium bei der Extraktion mit Tributylphosphat. 
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INTRODUCTION 


A knowledge of the relative abundances of the elements is important in the formu- 
lation of a theory of nucleosynthesis!~8. SuESs AND UREY® have critically examined 
compilations of atomic abundances, and CAMERON? has published a revised table of 
the relative abundances of nuclides. 

The abundances of the rare earths have been measured by NopDAcK4 by X-ray 
spectroscopy on two silicate meteoritic samples (one a composite of eight silicate 
meteorites and the other a composite of fourteen) and on a composite of seven iron 
meteorites. MINAMI5 made similar X-ray spectroscopic analyses on four different 
sediments. 

The most serious disagreement between the two investigations is that the abun- 
dances of the light rare earths are shown to be about eight times greater in the sedi- 
ments than in the meteorites. 

Neutron-activation analysis combined with an ion-exchange separation of the rare 
earths provides a powerful new tool for accurately determining the abundances of 
the rare earths. The principal advantages of the neutron-activation technique are (Z) 
that it allows determinations of abundances in the parts per million to fractional 
parts per billion range and (2) that there is freedom from contamination because the 
chemical processes follow the neutron irradiation. The chief disadvantage, namely, 
the necessity of handling extremely radioactive materials, is obviated by shielding 
and remote manipulation. 

Neutron-activation analysis has been discussed by several authors*~®. The determi- 
nation of the abundances of uranium in stone meteorites by HAMAGUCHI, REED AND 
TURKEVICH!, of thorium in iron meteorites by BATE, PoTRATz AND HuIzENnGA!!, and 
of bismuth, thallium, and mercury in stone meteorites by EHMANN AND Hu1zENGA!2 
has adequately demonstrated the feasibility and reliability of the neutron-activation 
technique. 

A procedure for the determination of individual rare earths in graphite employing 


ee activation and ion exchange separation of the rare earths has been described 
oy CORNISH}3, 


> Ye 2 e addracc: 7 ; 
Permanent address: Department of Chemistry, Graduate Division, California Institute of 
Technology, Pasadena, Calif. 
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NEUTRON-ACTIVATION ANALYSIS OF RARE EARTHS II 
An unpublished procedure developed by R. Scumitr AND A. MosEn for the deter- 
ination of high-cross-section rare earths in reactor-grade zirconium was modified for 
yplication to samples of chondritic, achondritic, and iron meteorites. This paper 
scribes in detail the radiochemical procedure used in the successful analysis of the 
eteorites Allegan, Richardton, Nuevo Laredo, Pasamonte, and Odessa. The results 
some of these analyses have been reported elsewhere!4. The procedure should also 
= applicable to the analysis of terrestrial stones and sediments. 


REAGENTS AND APPARATUS 
lutions of vare earth standards 


Solutions containing about 0.5 mg/ml of the rare earth element are prepared by 
issolving suitable compounds in HCl and diluting with deionized distilled water. 
1 the meteorite analyses reported here, Johnson-Matthey spectrographic-standard 
uality oxides of Sc, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb and Lu were used. 
xides of lanthanum and terbium were obtained from Spex Industries and from 
esearch Chemicals, respectively. The cerium standard was prepared from G. F. 
mith Chemical Company (NHa)2 Ce(NOs)¢ (99.99% pure). Other cerium compounds 
ere found to be unacceptable because of lanthanum contamination. The G. F. Smith 
rium standard was found to contain 0.021 lanthanum atoms per I00 cerium atoms. 
mall amounts of lanthanum will cause difficulty in the activation analysis, because 
1e induced 14°La activity in the cerium standards will swamp the induced 143Ce 
ctivity. The standard rare-earth solutions are also used as rare-earth carrier solutions. 
romethium carrier is added in the form of a 2.6-yr !147Pm tracer, which is a pure 
-emitter. 


b-Dichlorodiethyl ether 


Bis(2-chloroethyl)ether, Eastman No. 866, is prepared for use by passing it through 
column of neutral alumina, 100 to 200 mesh (Bio-Rad AG-7, Bio-Rad Laboratories, 
‘ichmond, California). 


yn-exchange column 


The apparatus and ion-exchange procedures used to separate the individual rare 
urths are essentially those of NERVIK!5. The column is 60 cm long by 0.6 cm in diam- 
‘er, and is packed with Dowex 50W-X12, minus-400 mesh, ion-exchange resin. 
his resin (specially prepared by Bio-Rad Laboratories) has a settling rate of 0.5 to 
o cm/min. The resin is washed three times with deionized distilled water, and then 
washed twice with 1 M ammonium lactate, pH 3.2. Before the resin is put into the 
ylumn, it is boiled and stirred in 1 M ammonium lactate, pH 3.2, to remove gases 
he resin-to-solution ratio is about 3). The rare earths are eluted with 1 M ammonium 
tate, whose initial px of 3.2 is changed at the rate of approximately 0.1 pH unit per 
our. This is accomplished by having a 1 M ammonium lactate solution, pH 7, dilute 
1e initial pH 3.2 solution at about 1 drop every ro sec. The solutions are mixed by 
magnetic stirrer. The column is heated by a water jacket, which is maintained at 
bout 80° by heating tape. A pressure of about 5 Ib/in.? of Nz gas is kept over the 
lutions and is maintained by an ordinary pressure regulator. The column effluent 

caught in 10-mm by r00-mm test tubes, using a Packard ion-exchange turntable 
t to collect 10 drops per tube. 
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PROCEDURE 


Separation of rare earths from meteoritic matrices 
Irradiation : 

Samples (about 5 g) of the meteorite to be analyzed are prepared for irradiation in one 
of two ways. Stony (chondritic or achondritic) samples are crushed in a hardened-steel | 
diamond mortar that is reserved for such analyses to avoid contamination. Iron sam- 
ples are etched with rare-earth-free 6 N hydrochloric acid. If the stony specimen is 
etched with hydrochloric acid, as much as 20% of the rare earths may be leached away, 
presumably through the dissolution of the sulfide phase (in some chondrites this 
phase is concentrated in veins). The sample is then weighed on an analytical balance 
and transferred to a clean polyethylene vial. 

The sample and the fourteen rare earth standards are irradiated simultaneously 
in the General Atomic TRIGA reactor in a flux of about 2: 1012 thermal neutrons/cm?/ 
sec for 2 h. The meteorite sample and the standards are placed in separate containers 
in the rotary specimen rack of the TRIGA reactor. This rack is continuously rotated 
at 1 rev./min during irradiation, so that all specimens are exposed to the same neutron 
flux. The amounts in wg of the irradiated rare-earth standards and scandium are: 
La, 60; Ce, 380; Pr, 70; Nd, 60; Sm, 6; Eu, 3; Gd, 9; Tb, 80; Dy, 80; Ho, 8; Er, 505 
Tm, 50; Yb, 5; Lu, 5 and Sc, 50. 

The radioactivities induced in the rare earths of a chondritic meteorite and the 
sensitivities for each of the rare earths are summarized in Table I. 


Initial separation steps for stony meteorites 

After the sample has been irradiated, the polyethylene sample tube and vial are 
opened with a special tool. The tube is handled with 4-ft. tongs, and the chemistry 
is carried out in a filtered hood behind a 4-in.-thick lead shield. Rare earth carriers 
are added to the sample in the form of oxides prior to the fusion step, described below. 
The carriers are prepared in the following manner. Exactly 1.00 ml (0.5 mg) of La, 
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Sc, and 2.00 ml of the 147Pm 
tracer carrier are pipetted into a 100-ml beaker. The hydroxides are precipitated with 
ammonium hydroxide that has been prepared by bubbling ammonia into a poly: 
ethylene bottle of deionized, distilled water. After the addition of paper pulp, the 
solution is filtered on a Whatman No. 42 filter paper and all the precipitate is trans- 
ferred from the beaker. Dilute ammonia solution is used for the wash solution. The 
filter paper is placed in an 80-ml zirconium crucible (obtained from Oregon Metal- 
lurgical Corporation, Albany, Oregon) that is used to fuse the sample. The crucible 
is covered and heated gently to dry the paper. The heat is gradually increased to: 
char the paper and, finally, the full heat of a Meker burner is applied. This ignition 
must be carried out carefully to avoid loss of carrier. 

To fuse a 5-g sample, 25 g of sodium peroxide is used. About half of the peroxide 
is poured into the crucible on top of the carriers. The sample is then added, followed 
by the remainder of the peroxide. The mixture is then carefully stirred with a glass 
rod using care not to disturb the carriers on the bottom of the crucible. 

The crucible is held with a pair of 4-ft. tongs in the flame of a Meker burner unti 
the mixture is completely molten. The heating is continued for at least five more 
minutes to ensure complete fusion of the sample and complete exchange of the carriers 
with the rare earths. This step is very critical. 
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TABLE I 


RARE EARTH RADIOACTIVITIES IN METEORITES AFTER NEUTRON ACTIVATION® 


=I Neutron-capture Isotopic Activity 22% Bien ae ets 
tlement ila a givedances Half life Gis dudiecaiond isi ae Se 
‘ : ie (%) As (counts/min) (p.p.m.) (p.p.m.) 
zLa 189La(n,y)140La 99.9 40 h 2-104 0.33 0.002 
pCa 42°Ce(n,7)241Ce 88.5 2 day 2°102 —- — 
142Ce (n,y) 148Ce LE. 1 Bey ai 1-103 0.51 0.05 
eee gs has (11597), 22 Pr 100 19 4h 1*103 0.12 0.01 
oNd 146Nd (n,y) 147Nd Wye 11.6 day 37102 0.63 0.2 
148Nd (n,y) 149Nd 5.7 es: nee i ey 
Too ee N cl 49 Pm 50 h ~I*102 _ -— 
150Nd (n,y) 51Nd 5.6 = ane Ea a= 
a2 mar) 32 Nd fot Pam. 27.5 hb ~ 2°10? a — 
25m 152Sm (n,y) 1535m 26.8 47 he 1-105 0.22 0.00002" 
pont, 162 Bu (ny) 2h um 47.8 Oe2 Ie ee 4°105 0.083 0.000001» 
tot E uw (o,y) 2u 47.8 12.5 yr 1°03 -- — 
aGd 158Gd (n,y) 158Gd 24.9 iifeie 1a) 2°103 0.34 0.02 
160Gd (n,v) 161Gd 21.9 —_ — — — 
3-7-min 161Gd-— 181Tb 7.0 day 3°10? — — 
be 92 Thin) LOM 100 72 day 4°10? 0.051 0.01 
sDy 164Dy (n,y) 168Dy 28.2 2.3h 6-108 0.37 0.006 
7Ho 165Ho (n,y) 166Ho 10o 27 ah 2*104 0.075 0.000025 
gi 2 68Er (5) Seon Agia 9.4 day 7O — ox 
ONY lal ONE a re 14.9 7.5h 3+103 0.21 0,007 
me 82 Tn (1597) 2" imeye) 129 day 300 0.038 0.01 
mee 82 Y bin) 262:Y ip Onna 32" "day 8+ 102 _ — 
Lab (ny) 175¥b 31.8 4.2 day 4°10 0.19 0.005 
pew 2 Lu (ny) *?8Lu 97.4 3.7°h 4°102 — == 
1760 (ny) 27? Lu 2.62 6.8 day 2°108 0.036 0.002 


Neutron-induced rare-earth activities in 5-g chondritic meteorite irradiated at 300 kw for 2 h, 
e., at a thermal flux of 2-1o12 neutrons/cm2/sec in the TRIGA reactor. 

Abundances of stable isotopes are determined from the activity of radioisotopes, underscored 
nce. 

Isotopic percentage of the stable isotopes that undergo neutron capture. 

The activity observed 24 h after irradiation is expressed in integral counts per min and is 
ncorrected for chemistry yield. All y-rays greater than 20 keV, emitted by the rare earths in 
he combined two or three test tubes of the peaks, were measured by a 1-3/4 in. by 2 in. Nal (TI) 
ell-type scintillation spectrometer. Exceptions were 18-h 15°Gd, which was window-counted 
etween 20 and 120 keV; 9.4-day 169Er and 129-day 17°Tm, which were B-counted; and 32-day 
11Ce, which should be window-counted between 100 and 180 keV. 7" 
Elemental abundances of natural elements were calculated by assuming terrestrial and meteoritic 
otopic abundances to be identical. The four rare earth isotopic ratios observed in Allegan and 
tichardton have checked the validity of the above assumption". Units are expressed in parts 
er million by weight. Abundances are averaged for the meteorites Allegan and Richardton. 
Sensitivities in parts per million for determination of elemental abundances are given for a 
iermal-neutron flux of 2+1o12 neutrons/cm2/sec and an irradiation of 2 h. The sensitivity 1s 
ased on a minimum of 20 integral or window y-ray counts per minute 24 h after irradiation. 
chemical yield of 50% is assumed. 

A half life of 46 h was observed for 1°3S5m. 

Sensitivities in parts per million are based on a minimur 
radiation. 


m of 20 f-counts per min 24 h after 
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When the melt has cooled, the uncovered crucible is placed on its side in an 800- 
or 1000-ml beaker. To dissolve the melt, 150 ml of 6 N hydrochloric acid are poured 
into the beaker in small increments. The reaction is vigorous. After the melt has 
dissolved, the crucible is removed from the beaker and rinsed with deionized, distilled 
water. The rinsings are added to the sample solution. The beaker is placed on a hot 
plate and heated to decompose the peroxides. A boiling tube is placed in the beaker 
to prevent bumping. Some silica is precipitated at this point, and the solution is 
centrifuged in go-ml centrifuge tubes to remove the silica. The centrifuge is shielded 
with 4 in. of lead. 

The solution is decanted into an 800-ml beaker, and an equal volume of ethyl 
alcohol is added. The beaker is placed in an ice bath, and a stream of hydrogen 
chloride gas (from a cylinder) is bubbled through the solution for 1 to 2 h to precipitate 
sodium chloride. Ice is added to the bath as needed. The solution is centrifuged in 
go-ml glass tubes to remove the sodium chloride, the tubes being handled with tongs. 
The solution is then decanted into an 800-ml beaker. 

The solution is now boiled to reduce its volume by half. This removes most of the 
alcohol and precipitates a large amount of silica, which is removed by centrifuging. 
The solution is decanted into a 500-ml open-top separatory funnel, and iron is extracted 
from the solution using f,f-dichlorodiethyl ether. The ether and solution are mixed 
with a three-bladed polyethylene stirrer driven by a small, variable-speed electric 
motor. It is advisable to avoid turbulent stirring, since suspensions may result. The 
ether is added in two or three portions. Usually, the ether from the second extraction 
shows only a faint coloration from the iron (further steps are described below in 
Further procedure for both stony and iron meteorites). 


Initial separation steps for tron meteoritic matrices 


After the iron meteorite has been dissolved in 150 ml of hot 6 N hydrochloric acid 
by moderate heating on a hot plate, about 10 ml of 30°% hydrogen peroxide is added 
to oxidize the iron to the tervalent state. Rare-earth carriers, in amounts given in 
the procedure for separation of rare earths from a stony meteoritic matrix, are added 
to the beaker containing the iron and 6 N hydrochloric acid immediately before dis- 
solution begins. The solution is heated to decompose excess hydrogen peroxide and 
centrifuged to separate small amounts of insoluble matter. To the solution, an equal 
volume of concentrated hydrochloric acid is added to bring the HCl normality to 
about eight. 

The solution is transferred to a large separatory funnel. About nine iron extractions 
are performed, using 50-ml portions of $,f-dichlorodiethyl ether. Again, the ether 
and solution are stirred with a three-bladed polyethylene stirrer driven by a small, 
variable-speed electric motor, and turbulent stirring is avoided. The final green 
aqueous solution is attributed to the nickel chloride ion. 

After the iron extractions, the aqueous solution is transferred to a large beaker 
and the solution is heated to drive off any dissolved ether. 


Further procedure for both stony and iron meteorites 


The aqueous solution is transferred to a 600-ml beaker, and ammonia is bubbled 
into the solution to precipitate the hydroxides of the rare earths and zirconium. 
Three lecture bottles of ammonia are used simultaneously to speed the precipitation. 
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since the solution is very acidic, it takes a considerable amount of ammonia to 
1eutralize it and precipitate the hydroxides. Before centrifuging, hot water should 
de added to dissolve any ammonium chloride that may form. The solution is centri- 
uged in a go-ml glass tube, so that all of the hydroxide precipitate is collected directly 
n one tube. The solution is discarded in a “‘hot waste’’ bottle. 

The precipitate is dissolved by adding about 5 ml of concentrated hydrochloric 
icid to the centrifuge tube and stirring. This solution is diluted with to-20 ml of 
water, and any insoluble material is centrifuged. It may be necessary to repeat the 
HCl dissolution step. The hydroxides are precipitated with ammonia. An excess of 
ammonia is used to complex any nickel that may be present. The solution is centri- 
‘uged, and after the supernatant liquid is discarded the precipitate is dissolved with 
about 1 ml of concentrated hydrochloric acid. This solution is transferred drop by 
lrop to a small polyethylene centrifuge tube containing 3 ml of 48° hydrofluoric acid 
n order to precipitate the rare-earth fluorides. The solution is centrifuged, and the 
supernate, which contains about 80-90% of the scandium, is decanted into a 
-entrifuge tube labeled ‘‘Sc’’ to be saved for the scandium procedure. Since scandium 
orms a complex ion, ScF4~, only a small fraction (20°%) of the scandium is coprecipi- 
cated with the rare earth fluorides. The rare earth fluorides are dissolved with 2 ml 
of saturated boric acid and 1 ml of concentrated nitric acid. The solution is diluted 
fo 10 ml and the rare earth hydroxides are precipitated with ammonia. The solution 
is centrifuged and the supernate is discarded. The precipitate is dissolved in 1 ml 
of 6 N hydrochloric acid and then diluted to 10 ml. The solution is transferred a drop 
at a time into a tube containing 3 ml of 48° hydrofluoric acid (scandium holdback 
carrier should not be added, since this leads to interference with the ion-exchange 
separation). The solution is centrifuged and the supernate is discarded. The rare earth 
‘luorides are dissolved with 2 ml of boric acid and r ml of concentrated nitric acid 
ind diluted to 10 ml. Concentrated ammonia solution is used to precipitate the hy- 
lroxides, and the supernate is discarded after the solution is centrifuged. The precipi- 
ate is dissolved in 1 ml of hydrochloric acid and is then diluted to 10 ml. The rare 
varths are decontaminated of scandium twice more by repeating the rare earth 
luoride precipitation and boric acid dissolution steps described above. After the 
inal boric acid dissolution, the hydroxides are reprecipitated with ammonia. 

After being centrifuged, the precipitate is dissolved with hydrochloric acid and 
iain precipitated with ammonia. This solution is centrifuged, and the remaining 
olution is decanted. 5 ml of 6 N hydrochloric acid is added to dissolve the precipitate. 
The solution is transferred to a 500-ml separatory funnel and diluted to 25 ml. Ice 
hips (of demineralized, distilled water) are added to cool the solution to approximate- 
y 0°. About 2 g of ammonium thiocyanate is added, followed by 100 ml of diethyl 
ther. The flask is shaken and the aqueous layer drawn off. The ether layer 1s dis- 
arded. This extraction is repeated until the ether layer shows only a slight pink 
oloration from the iron thiocyanate complex. Cobalt is also removed by this ex- 
raction. 

The solution is boiled to remove ether and carbon dioxide, and it is then transferred 
o a glass centrifuge tube, where a series of three ammonia precipitations is carried 
ut. The hydroxides are dissolved in 1 ml of concentrated hydrochloric acid and di- 
ited to 10 ml with water before precipitation with ammonia. After the final ammonia 
recipitation, the hydroxides are dissolved in 2 ml of concentrated hydrochloric acid. 
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This is poured into a prepared ion-exchange column. The concentrated-HCl form of 
Bio-Rad Dowex-2, I00- to 200-mesh resin, is used in a column about 0.6 cm in 
diameter by 10 cm long. The anion exchange resin is prepared by passing 10 ml of 
concentrated hydrochloric acid through the column before the rare earth solution. 


The rare earths pass through the column, and elements such as iron, which form — 


complex anions in concentrated hydrochloric acid, are held in the column. When the 
liquid meniscus reaches the resin, 2.5 ml of concentrated hydrochloric acid is added. 
This is eluted until the liquid meniscus again reaches the resin. 

The rare earth hydroxides are once again precipitated from the column eluant with 
ammonia gas. Water is added to dissolve the ammonium chloride which precipitates 
with the hydroxides. After being centrifuged, the hydroxides are dissolved in the 


minimum amount of 6 N hydrochloric acid, diluted with 10 ml of water, and reprecip- — 


itated with ammonia. The solution is centrifuged, and the supernate is decanted. 
The rare earths are now ready to be dissolved and passed through a Dowex 50W-X12, 
minus-400 mesh ion-exchange column to separate them from one another. 


Ion-exchange separation of rare earths 

The precipitate of rare earth hydroxides is dissolved with a minimum amount of 
dilute hydrochloric acid and is diluted with 10 ml of water. About 0.5 ml of Dowex 
50W-X12, minus-400 mesh ,cation resin (about 2 ml of neutral resin mixture of which 
about 0.5 ml is resin) is added. The solution is heated to boiling, stirred, centrifuged, 
and decanted. While being stirred, the resin is washed with about Io ml of hot water, 
centrifuged, and decanted. While being stirred, about 2 ml of water is added to the 
resin, and the gases are boiled off. Before transferring the 0.5 ml of resin, which 
contains the adsorbed and activated rare earths, to the top of the ion-exchange 
column, 1 M ammonium lactate (pH 3.2) is run through the column until the effluent 


has a constant pH of 3.2 (this equilibration may take as long as 12 h). The rare earths © 


are eluted at about 3 drops/min, or 0.5 ml/cm2/min, and ro drops are collected in each 
test tube. 


Preparation of scandium for counting 


To the contents of the tube labeled “‘Sc’’, about 3 mg of praseodymium carrier 
and 6 ml of concentrated perchloric acid are added. After being heated for some time 
(5 min to a day) on a steam bath and cooled, the solution is centrifuged and decanted. 
The PrF3 and ScFs3 are dissolved in 2 ml of saturated boric acid and 1 ml of concen- 
trated nitric acid. After dilution to 10 ml, concentrated ammonia solution is added 
to the solution to precipitate the hydroxides. The solution is centrifuged and de- 
canted. ; 

The hydroxides are dissolved in 2 ml of concentrated hydrochloric acid and are 
poured into a prepared ion-exchange column. The concentrated-HCl form of Bio-Rad 
Dowex-2, 100- to 200-mesh resin, is used in a column about 0.6 cm in diameter and 
to cm long. The anion resin is prepared by passing ro ml of concentrated hydrochloric 
acid through the column before the addition of the scandium - praseodymium solution. 
The scandium -—praseodymium ions pass through the column. When the liquid reaches 
the top of the column, 2 ml of concentrated hydrochloric acid is added. This is eluted 
until the liquid level reaches the top of the column. 


The scandium and praseodymium hydroxides from the column eluant are precipi- 
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tated with ammonia gas and centrifuged. After the supernate has been decanted, 
the precipitate is dissolved in the minimum amount of 3 N nitric acid, transferred 
to a culture tube, and diluted to the same volume as the scandium standard that was 
irradiated simultaneously with the specimen. The 85-day 4°Sc is counted integrally 
above 750 keV for low counting rates or is window-counted for the 46Sc 0.89-MeV 
y-ray in a standard scintillation spectrometer with a Nal (Tl) crystal. 


Radioactivity measurements of the rare earths 


Each of the test tubes containing ro drops of effluent is placed in a well-type 
scintillation spectrometer with a 1-3/4 in. by 2 in. NaI(TI) crystal, and all y-rays 
corresponding to pulses greater than 20 keV are integrally counted. Almost all of the 
neutron-activated rare earth elements decay by negatron emission, accompanied by 
hard y-ray emission; thus, they lend themselves to y-ray spectroscopy. A plot of the 
integral counting rate versus the number of the test tube containing the effluent is 
given in Fig. 1, where it may be observed that the rare earths elute in the order of 
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Fig. 1. lon-exchange separation of rare earths from the Allegan meteorite Ton-exchange resin: 
Dowex AG59W-X12, minus 400 mesh, 0.5—2.0 cm/min; settling rate, according to ber 
specifications (processed by Bio-Rad Company). Column: 0.5 cm in diameter by 60 cm rv 
column temperature: 80°; flow rate of eluant: 0.5 ml/cm?/min; gradient elution: 0.08 cet 
change per h. Rare-earth activities induced in 5.1 g of Allegan meteorite exposed to ~10!®NVT. 


their decreasing atomic numbers. In order to ascertain the order of elution and to 
identify unequivocally the elution peaks, the effluents in the two or three test tubes 
making up each peak (or shoulder near a peak, as in the case of gadolinium) are 
combined into a single, standard-size culture tube. A y-ray spectrum of the activated 
rare earth is taken with a 256-channel analyzer coupled to a well-type 1-3/4 in. by 
2 in. Nal(Tl) crystal. For comparison, y spectra of each of the fourteen rare earth 
standards are also obtained with the multichannel analyzer. D 

After identification of the rare earths by y-ray spectra and elution pain eS 
culture tubes are placed in alternate positions in the circular indexing a ) a 
yutomatically operated, well-type scintillation spectrometer (Packard Autogamma 
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with a 1-3/4 in. by 2 in. Nal(Tl) crystal. The irradiated rare earth standards (in 
solution) are also transferred to culture tubes and placed in alternate positions in 
the automatic spectrometer. Specifically, each rare earth standard is placed adjacent 
to its column-separated rare earth counterpart. To ensure identical counting geom- 
etries, the volume of rare earth standard in each culture tube is identical to the 
volume of rare earth from the meteoritic source. Furthermore, a 187Cs standard y-ray 
source and culture tubes containing pure water (the same volume as in the activated- 
rare-earth tubes) are placed at uniform points in the rack in order to check any drift 
in the scintillation spectrometer and to count the background at regular intervals. 
All tubes are counted for a preset time or for a preset total count of 106, whichever 
occurs first. 

It is necessary tocount only two of theseparated rare earths and their respective 
standards — 9.4-day 16°Er and 129-day !”°Im—byf-counting methods. After the 
y radioactivity of 7.5-h !7!Er has been measured, a definite amount of praseodymium 
carrier (10 mg) is added to the erbium effluent (part of the erbium effluent before 
the addition of praseodymium carrier should be kept for activation analysis) and to 
the erbium standard, which are transferred to separate test tubes. An identical 
procedure is followed for the determination of 17°Tm. The precipitates of praseo- 
dymium oxalate, prepared by standard radiochemical techniques, are filtered onto 
paper disks, mounted on 1/16-in.-thick aluminum plates, and covered with 0.00025 in. 
of Mylar. Since the praseodymium oxalate precipitates are uniformly thick and of 
nearly the same weight, and are counted in the same geometry in the Geiger region 
of a Sugarman-type, methane-flow, proportional /-counter, it is unnecessary to apply 
$-counting corrections. Aluminum absorption measurements of the !®°Er and !1?7°Tm 
f’s are taken for both the separated rare earths and the standards. 

The radioactivity of each of the rare earths is counted and plotted for a decay of 
usually three or more half lives, with the exceptions of the long-lived 129-day 17°Tm 
and 85-day 4%Sc. All half lives found in the decay graphs are in agreement with those 
previously observed for the neutron-activated rare earths. The only exception is 
1535m, which shows a half life of 46 h rather than 47 h. Where sufficient radioactivity 
is present, it is estimated that decontamination factors of greater than 104 are achieved. 

Radiochemical yields of the rare earth carriers and scandium are ascertained by 
comparing the activities resulting from neutron-activation analysis of the decayed 
carriers with the neutron-induced activities of a known amount of the individual 
rare earth standards. In some cases, it is desirable to follow the decay of the rare earth 
for long periods of time; consequently, their chemical yields are determined by neu- ~ 
tron-activation analysis on known aliquots of the partially decayed carriers. After the 
decay of promethium activity resulting from the decay of neodymium precursors, 
2.6-yr 47Pm atoms are coprecipitated with praseodymium oxalate, and 147Pm is 
-counted to determine the promethium chemical yield. For all rare earths, during 
chemical-yield determinations the induced activities in the carriers are at least 100 
times greater than the residual activity from the meteorite activation. Yields of about 
25% to 50% are obtained. 

In addition to the neutron-induced rare earth activities in the rare earth carriers 
during chemical-yield determinations, an appreciable amount of 15-h 24Na activity 
is produced. This 24Na activity is particularly troublesome for Pr, Gd, Ho and Er, 
since the half lives for these elements are comparable to that of 24Na. To subtract the 
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24Na activity from the total activities of 24Na and rare earths, the y-rays of the re- 
spective rare earths and of a separate 24Na source are both measured at two y-ray 
energy settings of the scintillation spectrometer; one corresponds to the rare earth 
y-ray energy (usually a low-energy y ray), and the other setting detects only the 
highly energetic 2.75-MeV » ray of 24Na. 

When the 2.75-MeV y ray counting rate of the 24Na source is normalized to the 
counting rate of the 2.75-MeV } ray in the rare-earth carrier, the contribution of 
the ?4Na counting rate to the total is easily calculated and subtracted. For the worst 
cases, as much as 30% of the total radioactivity may be from 15-h 24Na. 

If the activity level of the ?4Na is too high, it is helpful to separate sodium from 
the rare earth lactate solution before the neutron-activation analyses are made. 
Separation of sodium is easily performed by repeated ammonium hydroxide precipi- 
tations (NHs gas is used) of the rare earths. In order to coprecipitate the individual 
rare earths, which are present in about 0.2- to 0.3-mg quantities, a few milligrams of 
ferric carrier (Johnson and Matthey, spectrographic grade) is added to the rare earth 
lactate solution. After the rare earth lactate solution has been made ammoniacal by 
ammonia gas, the hydroxide precipitates when the lactate complex has been oxidized 
by the addition of 1 ml of 30% hydrogen peroxide. 

After the values for the rare earth activities have been corrected for chemical yield, 
the elemental abundances of the rare earths are determined by comparing the radio- 
activity of each eluted rare earth with the specific activity of the corresponding 
rare earth radioisotope. All comparisons of activities must be made an equal time 
after the neutron irradiation has ended. In the analyses performed by the authors to 
calculate the elemental abundances of the rare earths, it was assumed that the isotopic 
abundances of meteoritic and terrestrial rare earths would be identical. During this 
work, the abundance ratios for the isotope pairs 14°Ce/142Ce, 146Nd/159Nd, 158Gd/ 
L60Gd, 168Er/179Kr, 168Yb/174Yb and 175Lu/176Lu were measured, and the ratios were, 
indeed, found to be the same for both meteoritic and terrestrial rare earths. 


DISCUSSION 


[he neutron intensities and spectra must be nearly identical throughout the specimen 
und the standards. Particularly in a large specimen, ¢.g., one of ca. 5-10 g of low- and 
nedium-mass constituency, it is possible that the specimen might behave as a mod- 
srator, thereby increasing the thermal-neutron flux in the specimen relative to that 
n the standards. On the other hand, the specimen could act as a thermal and/or 
»pithermal neutron sink and decrease the neutron flux available for activation of the 
are earths throughout the specimen. The absorption and scattering cross sections 
or the constituents of a typical 5-g chondritic and Io-g iron meteorite indicate that, 
ompared with standards that are very thin to neutron absorption, differences of 
bout 1% and 7% in the neutron intensities and spectra are expected from the com- 
yined effects of absorption and scattering in stony and iron meteorites, respectively. 
-In order to test the absorption and scattering effects of meteoritic specimens ex- 
yerimentally, an extreme method was chosen. Thin sources of each rare earth (thin 
o ca. 1% of thermal-neutron absorption in most cases) were prepared. The thin 
ources were individually placed in the center of separate chondritic mockup speci- 
nens and in the center of iron bars 1.27 cm in diameter and 1.27 cm long. Both the 
nockups and the rare earth standard sources were simultaneously irradiated in 
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separate containers in the circular rotating rack of the TRIGA reactor. The radio- 
activities of the thin sources were then measured. The results are compiled in Table II. 
The effect of the average specimen on the neutron flux in the stony mockup was only 
about 3%, and that in the iron mockup was 17%. The stony mockup was made to 
approximate the composition of the meteorite Allegan reported by MERRILL AND 
STOKES*S: 

In the actual neutron activation of meteorites, the rare earth standards that were 
irradiated simultaneously with the meteoritic specimens were in 1.00 ml of an aqueous 
medium. Since the experiment described above showed that there was no significant 
difference in the activity induced in the thin rare earth sources inside the 5-g chon- 
dritic mockups and outside the mockups (see Table IT), it was necessary to determine 


TABLE II 


RATIO OF NEUTRON FLUXES INSIDE AND OUTSIDE OF CHONDRITIC AND IRON MOCKUPS AS MEASURED 
BY RARE EARTH STANDARDS® 


Ratio of activity outside to activity Ratio of activity outside to activity 
inside of mockups inside of mockups 
Rare earth” =—— Rare earth” — 
Chondritic Iron Chondritic Iron 
mockup mockup mockup mockup 
140 160 
57La 1.02 1.19 65 lb 1.03 is, 10) 
141 165 
5sCe 1.04 1.23 66 Dy 1.05 =1.21 
143 166 
Ce 1.03 ~1.20 67Ho 1.02 128 
142 : ip 
s9Pr 0.97 TO gs Er I.OL Tea 
142, | 170 
soNd 1.04 a= 69 Lm 1.05 <ata lia 
141 
61.Pm 1.04 — 
151, 175 
61 Pm 1.01 =1.15 70Yb 1.04 ~I.11 
153 177 
625m 1.00 1.15 70Yb 1.00 es 
152m__ 176 
e3Eu 1.02 =1:23 mLu 1.01 ~I1.10 
152 177 
esEu =~ L238 71Lu 0.98 ibn 
159 
eaGd 1.03 =I.12 


* The chondritic mockup was a 10-g sample with a thin rare earth oxide source in the center. 


The iron mockup was a 12-g pure iron bar (1.27 cm in diameter and 1.27 cm long) with a thin 
rare earth oxide source in the center. 


» See Table I for the neutron-capture reactions. 


whether any difference in absorption and scattering effects occurred between the 
thin rare earth sources and the rare earths in 1.00 ml of aqueous medium. An average 
ratio of 1.00 ++ 0.05 for the fourteen rare earths was determined as the activity ratio 
between thin-rare earth sources and a rare earth in r.00 ml of solution, both of which 
were irradiated simultaneously. Therefore, it was concluded that the neutron inten- 
sities and spectra throughout the 5-g chondritic or achondritic specimens are identical 
within +8% to those of the rare earth standards in 1.00 ml of aqueous medium. 
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Since the average ratio of the radioactivity of the source irradiated inside the iron 
yar to that of the source irradiated outside of the bar is 1.17 + 0.05, the average effect 
throughout an iron specimen is about 9%. Therefore, it is concluded that the neutron 
ntensities and spectra of 10-g meteoritic iron specimens are 1.09 -+ 0.08 times less 
than the corresponding neutron intensities and spectra of the rare-earth standards 
n 1.00 ml aqueous medium. 

Usually the meteoritic iron specimens are not machined to the dimensions of the 
ron bars that were used to obtain approximate measurement of the reduction in 
1eutron intensities. Applying an average correction factor of 1.09 to all of the rare 
sarth abundances in iron meteorites will not significantly alter the ratio of absolute 
ibundances of the rare earths in chondrites to those in irons of ~104, found recently 
oy VASILEVSKIS ef al.17. At most, an error of ca. 5°, would be introduced in the relative 
are earth abundances if the factor of 1.09 were applied to all rare earth abundances 
in 10-g specimens of iron meteorites. 

It is evident from the discussion above that both relative and absolute abundances 
of all rare earths may be precisely determined by neutron-activation analysis only 
f all the rare earths are distributed homogeneously throughout the entire meteoritic 
specimen. Since many of the rare earth elements have high thermal and epithermal 
aeutron-absorption cross sections, they may be responsible for self-shadowing effects. 
In such a case, only the relative rare earth abundances may be ascertained, since 
the rare earth elements may be concentrated (homogeneously with respect to them- 
selves) in minuscule crystals or grains throughout the meteorite. Furthermore, if the 
rare earth elements are individually concentrated in separate minuscule crystals and 
rains throughout the matrix, the absolute abundances may be determined only for 
elements that have relatively low neutron-absorption cross sections (200 barns or 
ess). 

A consideration of ion-radii shows that occurrence of individual rare earth sep- 
ration is highly unlikely. However, it is possible that the light and heavy rare earth 
sroups may be fractionally separated and may thereby introduce errors in both the 
ibsolute and relative abundance values. 

A few simple calculations illustrate the seriousness of self-shadowing. Let us assume 
hat all the lanthanum in a meteorite is concentrated in a sphere in the form of the 
yxide, and that the quantity of lanthanum is equal to that found in the chondrites 
\llegan or Richardton!4, namely, 1.6-10-® g of lanthanum per 5 g of meteorite. 
since lanthanum has a thermal-neutron absorption cross section of 8.9 barns, the 
1eutron flux at the center of the LazO3 sphere would be slightly depressed by about 
1%. On the other hand, let us assume that a quantity of europium equal to 0.4-10~ 
- of europium per 5 g!4 of meteorite is concentrated in a sphere in the form of EuzQOs. 
The europium neutron-absorption cross section of 4300 barns would cause a severe 
eutron-flux depression of approximately 22%. If lanthanum and europium were 
jomogeneously mixed and concentrated in a single sphere, the neutron flux would 
gain be depressed by about 20%, which would make the determination of the ab- 
olute abundance of either lanthanum or europium impossible. However, the relative 
bundance ratio of lanthanum to europium could be precisely determined, since the 
eutron flux in each infinitesimal volume element in the sphere would be the same 
or both Janthanum and europium. ie 

In order to determine the extent of the rare earth self-shadowing effect, It 1s 
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necessary to determine and to compare the abundances of the rare earths in meteor- 

ites by using different analytical methods. The most obvious method is the standard 

spectrographic technique. One of its principal disadvantages is the possible intro- 

duction of rare earths during chemical manipulation. By far the best method is to — 
determine the rare earth elemental abundances by photoneutron-activation analysis. 
This method differs from the standard neutron-activation analysis in that the acti- 
vated rare earth radioisotopes are induced by (y,n) reactions. The necessary y-ray — 
fluxes are generated by a high-intensity, 20- to 50-MeV electron linear accelerator. — 
The rare earths Ce, Nd, Sm, Eu, Gd, Er, Tm, Yb and Lu are amenable to the photo- 
neutron analysis with no accompanying self-shadowing effect. | 

Approximately 250 mg of zirconium is dissolved from the crucible during the fusion. | 
Since the rare-earth mineral xenotime is accompanied by the mineral zircon, from . 
which the zirconium crucible was probably derived, an activation analysis was carried 
out on a part of a zirconium crucible lid. No rare earth y-lines were observed. Upper 
limits were calculated for the individual rare earth abundances that diluted the added 
carriers. The maximum carrier dilution was calculated to be less than 2%, and the 
average less than 1%. 

A typical elution spectrum for rare earths and scandium removed from a cation 
ion-exchange column is given in Fig. 1. This spectrum applies to the rare earths 
activated in the chondritic meteorite Allegan. y-ray intensities vary from a few hun- 
dred to several hundred thousand counts per min. It is apparent that a single 
elution through an ion-exchange column is satisfactory. However, in this case the 
long-lived 4®Sc (85 days) contributed appreciably to the lutetium, ytterbium, and 
thulium peaks; this can be avoided by removing most of the scandium from the rare 
earths before separating them in the ion-exchange column. This modification of the 
technique has been included in the procedure outlined above in Further procedure 
for both stony and iron meteorites. 

Thulium, represented by 129-day 17°Tm, is on the trailing edge of the peak for 
the eluted element ytterbium. Consequently, some 32-day 169Yb may interfere with 
the assaying of the thulium abundance if time is not allowed for the 16°Yb to decay. 
To separate thulium from ytterbium, a second elution of the collected thulium peak 
activity may be performed by passing thulium through a freshly prepared and un- 
contaminated ion-exchange column at a pH of 3.2. 

From Fig. 1, it also appears that gadolinium, separated on the leading edge of 
the high europium peak, should be subjected to a second elution for better resolution. 
However, one ion-exchange pass is adequate for gadolinium, because (z) any 9.2-h 
t62mEu atoms present in the separated 18-h 159Gd decay at approximately twice the 
rate of the 19°Gd; (2) the leading edge of the europium peak is sufficiently steep that 
only a small percentage of the europium fraction will be found in the gadolinium 
fraction; and (3) the high-energy y-rays of 9.3-h 1®2™Eu are discriminated agains 
by selectively counting (window counting) the low-energy y-rays of 18-h 159Gd. In 
other meteorite analyses for rare earths, the gadolinium and europium peaks were 
clearly resolved. 

In some cases, it is desirable to measure only the relative abundance ratio of th 
light and heavy rare earth groups and to eliminate employment of the ion-exchange 
technique to analyze the abundances of the entire rare earth group. For example 
in meteorites, sediments, and rocks, the fractionation of rare earths into different 
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hases may be measured. Two rare earths, lanthanum, via 139La (ny) 40-h 140L a, 
nd dysprosium, via 164Dy (n,yv) 2.32-h 165Dy, are particularly representative of the 
ght and heavy groups, respectively. Furthermore, when the y-rays and half lives 
f all the neutron-activated rare earths are considered, the characteristic high-energy 
-ray (1.60 MeV) of 4o-h 14°La and the short half life of 2.32-h 1653Dy make the de- 
ermination of the abundances of these two elements in a mixture of all the neutron- 
ctivated rare earths particularly suitable. The only assumed condition is that the 
elative abundances of all the rare earths do not markedly differ (perhaps by a factor 
f ten) from the abundances given for the two chondritic meteorites in Table I. 

In addition to the rare earth elements and scandium, the abundance of the element 
ttrium may be determined by neutron-activation analysis. The general chemical 
nd ion-exchange operations used for the separation of the rare earths are applicable 
o the separation of yttrium. Elution of yttrium from the ion-exchange column is at, 
r near, the elution of dysprosium. The f-radioactivity of 64-h 9°Y and an yttrium 
tandard are counted and compared to determine the abundance of the yttrium. 
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SUMMARY 


‘he abundances of the rare earths, lanthanum through lutetium, have been determined in 
hondritic, achondritic, and iron meteorites by neutron-activation analysis. The procedure used 
hould also be applicable to the analysis of terrestrial stones and sediments. After exposure to a 
1ermal-neutron flux of 21012 neutrons/cm2/sec for 2 h, the chondritic or achondritic sample, 
ith added rare earth carriers, is dissolved after sodium peroxide fusion. Iron specimens are 
issolved in a hydrochloric acid medium. The rare earths are then separated as a group from the 
jatrix and are individually separated by means of a Dowex 50 W-X12 cation resin column and 
ution with 1 M ammonium lactate. This method is sensitive to fractional parts per million of 
\e individual rare earths. The abundance of scandium may also be determined in the same pro- 
sdure. 


RESUME 


n procédé a été mis au point pour le dosage des éléments des terres rares dans divers météorites 
-roches, en utilisant la méthode par activation au moyen de neutrons. Les terres rares sont isolées 
1 un groupe, puis séparées individuellement au moyen d’une résine Dowex et élution par le 
ctate d’ammonium. Le scandium peut étre déterminé par le méme procédé. 


ZUSAMMENFASSUNG 


eschreibung einer Methode zur Bestimmung der seltenen Erden in Meteoriten und Gesteinen 
irch Aktivierung mit Neutronen. Die seltenen Erden werden als Gruppe abgeschieden und an- 
hliessend mit einem Austauscherharz getrennt. Scandium kann nach der gleichen Methode 
astimmt werden. 
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A. J. CAMERON anp N. A. GIBSON 
Chemistry School, Sydney University, Sydney, N.S.W. (Australia) 


(Received December 9th, 1960) 


INTRODUCTION 


The triphenylmethylarsonium cation has been applied to permanganate}, dichro- 
mate® and iodine’ titrations, using extractive end-points. This paper describes its 
application to the determination of cobalt by the addition of an excess but known 
amount of EDTA, and back-titration with a standard cobalt solution. At the 
end-point, the blue ion-association pair triphenylmethylarsonium tetrathiocyanato 
cobaltate(II) is extracted into chloroform. 

A number of methods have been proposed for the estimation of cobalt with EDTA 
including back-titration with other metals using Eriochrome Black T indicator4— 
and direct titration using murexide indicator?. Thiocyanate has been used as a 
indicator in various aqueous solvent mixtures?.8, For example, cobalt has bee 
determined in a 1:1 acetone-water mixture by addition of an excess of EDTA, an 
back-titration with standard cobalt(II) solution; the method has been applied to th 
determination of a number of other metals?-11, 

Although the extractive method of end-point detection introduces an additiona 
step in an analysis, this disadvantage is outweighed by several advantages, the tw 
most important being: (z) the end-point is in no way affected by the presence 0 
unreactive coloured ions or highly coloured metal- EDTA complexes; (2) the sensi 


tivity of the end-point is increased by the use of a relatively small volume of extract 
ing solvent. 
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On 


APPARATUS AND REAGENTS 


‘itrations were performed in a glass-stoppered 500-ml conical flask fitted near the 
ase with a horizontal closed side-arm approximately 3 cm long and 2 cm in diameter. 
he appearance of the blue colour at the end-point is more easily seen when the chloro- 
orm is run into this closed side-arm. 


olutions used 


A.R. quality reagents were used wherever possible. Standard EDTA solution, 
.01 M solution of the disodium salt. This solution was standardised against zinc 
olution using Eriochrome Black T as indicator. Standard cobalt(II) solution, o.or M 
olution of iron-free cobalt ammonium sulphate. Buffer solution of pH 9.3 was 
repared from 150 ml of concentrated aqueous ammonia (sp.gr. =: 0.880) and 160 g of 
mmonium chloride, diluted to 1 1 with water. 

Solutions were prepared using distilled water which had been passed through a 
olumn containing cation exchange resin in the sodium form. Polythene containers 
vere used for storage. 


LABEE I 
‘ : ] i eaten aaa Went ne . % Deviation Maximum 
mg of Co mg of Co Che cate! eae Paes of mean %, deviation 
from Co of Co é 
added ound ci from Co of Co found 
isi ess eine added from mean 
1.214 1.244 255 1.228 te 2 1.6 
1.214 1.208 —0.5 
1.214 1.220 SOs) 
L.214 1.238 2.0 
1.214 Te 2R2 Tp s5 
3-035 3.047 +-0.4 3.034 —(<o.1) O.4 
3.035 3.029 —0:2 
3-035 3.029 —©.2 
3-935 3923 eet 
3.035 3.041 +0.2 
6.070 6.037 + 1.1 6.098 +0.5 0.6 
6.070 6.082 + 0.2 
6.070 6.088 +0.3 
6.070 6.100 +-0.5 
6.070 6.082 +-0.2 
PROCEDURE 


he sample cobalt solution (containing from 2 to 12 mg of cobalt* and 25 ml of 
-andard EDTA solution are pipetted into the titration flask. If necessary, approxi- 
1ately 1 M ammonia is added until litmus paper just turns blue. Approximately 
9 ml of chloroform are then added, followed by 2 ml of buffer solution, 5 ml of 50% 
otassium thiocyanate solution and 3 ml of 1% triphenylmethylarsonium chloride 
lution. The excess EDTA is then back-titrated with the standard cobalt solution, 
Wor the esti i lt, more EDTA solution should be added, or 
- este nots oF eet aa syubaibe reacted used as back-titrant should be increased. 
he sample volume should not be more than 150 ml for the quantities of Ager opp 
iocyanate and triphenylmethylarsonium chloride specified. For larger sample volumes, 
these reagents should be used. 


Anal. Chim. Acta, 25 (1961) 24-27 


26 A. J. CAMERON, N. A. GIBSON 


The cobalt solution should be added dropwise as the end-point is approached, the 
flask being stoppered and shaken after the addition of each drop. The end-point is 
indicated by the appearance of a blue colour in the chloroform layer. 


RESULTS 


The cobalt content of three different volumes of a solution of known concentration — 


was determined by the suggested procedure. Results are shown in Table I. 

With the exception of the first group of results, which were obtained by determin- 
ing a smaller quantity of cobalt than that recommended in the procedure, it can be 
seen that the mean cobalt determined may be expected to be within 0.5% of the true 
value, while the maximum variation about this mean is also of the same order, thus | 


leading to a maximum expected error of about 1% for any single determination. — 
In the case of the samples with 1.214 mg of cobalt, the corresponding figures are — 
approximately doubled; this is due not only to the comparatively large error in— 


pipetting a small volume of solution (2 ml), but also to the large percentage errors 


inherent in calculations based on a small titration difference (7.e. the difference — 
between the back-titration of excess EDTA and the titration of 25 ml of EDTA — 


solution alone). 


DISCUSSION 


Preliminary work indicated that sharp end-points could be obtained over the pH range 
5-10. In order to stabilise the cobalt- EDTA complex as much as possible, the titra- 
tion should be done at a high po. An ammoniacal buffer of pH 9.3 was chosen, since 
it has maximum buffering capacity, and titrations performed in alkaline solutions 
up to pH 10 were highly reproducible. 

The effect on the titration of varying the volumes of potassium thiocyanate, tri- 
phenylmethylarsonium chloride and buffer solutions was investigated. The titration 
results did not vary by more than 0. ml from that obtained using the specified 


reagent amounts, when the volumes of the reagents were varied within the limits: | 
potassium thiocyanate, 1 to 30 ml; triphenylmethylarsonium chloride, 1 to 30 ml; _ 


and buffer, 0.5 to 8 ml (the volume of the aqueous solution at the end-point was in 
each case between 70 and 100 ml). However, the end-points observed when using the 
limiting amounts were in general less sharp than those obtained with the recommended 
quantities. When large volumes of the triphenylmethylarsonium chloride solution 
were used, lengthy shaking was required to avoid premature end-points. 

The greater part of the work described in this paper was performed with M/1o0o 
solutions of EDTA and cobalt, and sharp end-points were obtained. However, titra- 
tions carried out using M/1000 solutions gave somewhat diffuse end-points. In con- 
trast, titrations using M/r10 solutions gave very sharp end-points, provided that more 
buffer was used. Consequently, solutions of this concentration could be used in the 
determination of comparatively large amounts of cobalt without interference from 
the colour of the red cobalt-EDTA complex. 

The blank was found to be approximately 0.02 ml when using M/roo solutions, 
and was therefore neglected. 

The solution of cobalt and excess EDTA should, if necessary, be first neutralised 


with ammonia. The order of addition of the chloroform and the other reagents was 
found to have no effect on the result. 
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The effect of using other quaternary arsonium cations in the extractive end-point 
tration was investigated. For this purpose, 3 ml of a 1° aqueous solution of the 
rsonium salt under test was used. The Me,As+ and PhMesAs+* cations failed to form 
hloroform-soluble ion association pairs with the [Co(SCN)a]-2 anion. In contrast, the 


hgMezAs* and Ph4As* ions gave titration results identical with those obtained when 
sing the PhsMeAs* ion. 


SUMMARY 


method for the determination of cobalt by the addition of excess EDTA and back-titration 
ith standard cobalt solution is recommended. The titration involves an extractive method of 
id-point detection, depending upon the appearance of the blue colour of the ion-association pair 
-h3MeAs]2{Co(SCN)a] in chloroform. The method is therefore suitable for the estimation of cobalt 
. highly coloured aqueous solutions. Average errors can be expected to be less than 0.5%. 


RESUME 


ne méthode est proposée pour le dosage du cobalt, par addition d- EDTA en excés et titrage en 
tour au moyen d'une solution étalon de cobalt. Le point final est décelé par extraction du 
smposé bleu [PhsMeAs]2[Co(SCN),4] dans le chloroforme (PhsMeAs = triphénylméthylarsonium). 


ZUSAMMENFASSUNG 


eschreibung einer indirekten komplexometrischen Methode zur Bestimmung von Kobalt mit 
DTA in Gegenwart von Triphenylmethylarsoniumchlorid, Rhodankalium und Chloroform. Der 
ndpunkt wird durch das Auftreten einer blauen Farbung in der Chloroformschicht angezeigt. 
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A SOLVENT EXTRACTION METHOD FOR THE SEPARATION 
OF TODIDE 
PHILIP W. WEST anp A. S. LORICA 
Coates Chemical Laboratories, Louisiana State University, Baton Rouge, La. (U.S.A.) 


(Received December 21st, 1960) 


The present study was undertaken as a means of establishing the possible usefulness 
of solvent extraction methods in the separation of anions. Although the separation 
of anions!~3 has always remained a difficult problem, and although solvent extraction 
methods have become increasingly popular in the separation of cations, the possibility 
of combining the two fields has remained essentially unexplored. The separation of 
iodide, as reported here, is only one of a number of promising anion separations now 
under investigation. 

Following the classification proposed by MORRISON AND FREISER4, it can be seen 
that anion extraction systems might be envisaged, based on the extraction of either 
an ordinary coordination compound, 


+n = 
M +n”X =MX, 
or an lon-association complex, 


MM hojustayX gheeull asia 


-a + a f ees 
MX(n+a) + aYt = [aY ,MX(n+a)] {lon-association complex] 


Because the halides form stable complexes with a number of metal ions, it was 
decided to investigate them first. High concentrations of iodide have been used for 
the solvent extraction of metal ions such as mercury(II), cadmium, antimony(IIJ), 
gold(III), indium(III), lead(II), thallium(III), and tin(II). Iodides of bismuth(II]), 
iron(II), copper(II) and palladium(I1) are also extractable, albeit to a lesser degree’. 
Preliminary qualitative work showed the iodide ion to extract very well with eithe 
cadmium or mercury(II) as the coordinating cation using a I:1 solvent mixture of 
tributyl phosphate (TBP) and methyl isobutyl ketone (MiBK). West anp TRoN 
studied the extraction of the halides of mercury(II) and found that optimum ex- 
traction (about 97°) was obtained only at a Hg : halide ratio of 1:2; at a ratio of 2:1, 
the amount of halide extracted decreased to about 82%. On the other hand, excess 
cadmium had very little effect on the efficiency of extraction of iodide. Because ir 
actual analysis the amount of a constituent is seldom known beforehand, it is gener 
ally impossible to anticipate the optimum amount of a critical reagent to be added; 
therefore, a procedure that can tolerate a reasonable excess of reagent is to be pre 
ferred. The cadmium iodide system using 1:1 TBP-MiBK as extractant seemed t 
bossess many favorable characteristics and thus to warrant detailed study. 
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EXPERIMENTAL 
reagents 
Reagents required for the isolation of iodide include: (z) Cadmium nitrate (1 N); 
2) Carbon tetrachloride; (3) Sulfuric acid (6 N); (4) Sodium hydroxide (x N); (5) 
ethyl isobutyl ketone; (6) Tri-n-butyl phosphate. 
All chemicals used in these studies were A.R. grade. 


‘hoice of solvents 


West AND TRONS found that a mixture of tributyl phosphate and ethyl acetate 
ave essentially complete extraction of the halides of mercury in a single pass. On 
he other hand, MorRISON AND FREISER* recommend methyl isobutyl ketone for the 
xtraction of various cations using iodide as the complexing additive. After con- 
idering these and other solvents, a 1:1 TBP-—MiBK mixture was selected because 
f its extractive efficiency and because it was found to be relatively insensitive to 
hanges in acidity. 


recovery of todide 


For the recovery of extracted iodide, the usual technics used in extraction methods 
vere tried and found ineffective. Finally, a new approach? was introduced, that of 
dding a third solvent, miscible with the non-aqueous solvents but very poor at 
xtracting iodide. The addition of carbon tetrachloride, about twice as much as the 
olume of the TBP-MiBK layer, produced dramatic results. A yellow color developed 
fter a minute or two of standing. At this point, addition of 1 N sodium hydroxide 
20 ml) gave a two-phase system composed of an upper aqueous layer and a lower 
1on-aqueous layer. The large proportion of carbon tetrachloride made the non-aqueous 
ayer the heavier one. After a minute of vigorous shaking, a white precipitate of 
admium hydroxide formed in the aqueous phase, and the yellow color disappeared 
rom the TBP-MiBK-CCl, layer. The recovery of the iodide from the non-aqueous 
hase using the solvent displacement technic just outlined proved to be remarkably 
fficient. It is of interest to note that this is a reverse of the established practice of 
ising solvent mixtures to effect increases in solvent extraction efficiencies. 


raperimental procedures 

to ml of cadmium iodide solution were pipetted into a 60-ml separatory funnel. 
dilute sulfuric acid was then added to bring the solution to the desired pH. To this 
cidified solution, an equal volume of a 1:1 mixture of TBP and MiBK was added, 
nd the mixture shaken for about 30 sec to insure contact between the two immiscible 
quids. The separatory funnel containing the mixture was immersed in a thermostat 
ept at 30°, where the system was allowed to come to equilibrium. 

After equilibration, the non-aqueous layer was treated with 20 ml of carbon tetra- 
hloride and the mixture then shaken with 20 ml of 1 N sodium hydroxide to recover 
he cadmium and iodide. Copious precipitation of white cadmium hydroxide resulted, 
nd the iodine was released in the form of I-, possibly including small amounts of Ol 7 

The CClh-TBP-MiBK layer was washed twice with 20-ml portions of I N sodium 
ydroxide, and the washings were combined with the first one containing the cad- 
1ium hydroxide precipitate. This mixture was made 6 N in regard to hydrochloric 
cid, and the iodine determined using a conventional iodine monochloride procedure. 
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Cadmium was determined in the aqueous layer using a dithizone extraction pro- 
cedure on suitable aliquots of the solution. The cadmium in the non-aqueous layer 
and the unextracted iodide were obtained by difference. 

Cadmium iodide solutions used for the initial concentration studies were standard- 
ized using hot alkaline permanganate oxidation of the iodide followed by thiosulfate 
titration. A small amount of silver nitrate solution was added halfway in the titration 
to sharpen the end-point®. 

To acquire a better understanding of the extraction of cadmium iodide, and in 
particular, the iodide, the effects of various factors were studied. These factors were 
the hydrogen ion concentration, the cadmium to iodide molar ratio, the initial 
concentration of the cadmium iodide solution, and the effect of temperature. 


The hydrogen ion concentration 

As shown in Table I, the system is not very sensitive to changes in hydrogen ion 
concentration. A twenty-fold change in pH occasioned only a 2°% decrease in the iodide 
extracted. 


TABLE I 
pH 
0.3 0.6 I.0 2.0 3.0 6.0 
Percentage I extracted 96 95 95 94 94 94 
Percentage Cd extracted 68 70 82 93 95 96 
Cd: I mole ratio in extract | 2s Oe yet UA eg 2 1/2 1/2 
A PpH in aqueous phase +o.2 +0.1 +0.1 +0.5 +0.3 —3.2 


For pH values less than 0.3, there is extensive atmospheric oxidation of the iodide. 
On the other hand, starting at pH 2, a whitish emulsion forms in the non-aqueous 
layer which takes longer to clear up as the pH increases further. 

Unless otherwise stated, the cadmium iodide solutions used were approximately 
0.05 M in concentration. 


The cadmium to iodine molar ratio 


If any metal ion is to be of practical use in the separation of anions by solvent 
extraction, its presence in excess should not appreciably decrease the extraction effi- 


ciency. Fortunately, the cadmium ion proved to be very satisfactory for iodide 
extractions when considered on this basis. 


TABLE II 
CADMIUM TO IODIDE RATIO IN AQUEOUS LAYER 
=a) Tsay: ZF g 4:1 
Percentage I extracted 95 95 92 89 
Percentage Cd extracted 70 50 24 20 
Cd : I mole ratio in extract Lj 2.72 0 U/L Oa pL. Oueet in. 


The above data were obtained at 30° and at pH 0.6 of the aqueous layer. 


The initial concentration of the cadmium iodide solution 


Data show that starting with solution strengths approximating those usually en- 
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ountered in analysis (0.05-0.1 M), almost complete separation of the iodide ion using 
d*? as the coordinating cation can be attained in two or three extractions. 


TABLE III 
INITIAL CONCENTRATION OF THE CdI2 SOLUTION 


0.00or M 0.003 M 0.006 M 0.01 M 0.03 M 0.05 M o.r M 


ercentage I extracted 61 WEL 87 QI 95 95 96 
ercentage Cd extracted 60 53 66 69 70 70 75 
d : I mole ratio in extract 1/2 1/3.7 1/2.6 UPR ny lies si AR 1/2.6 


emperature = 30°, pH = 0.6 


fect of temperature 


Because the solvent mixture is inflammable, the study of temperature effects was 
ot extended beyond 40°. Moreover, the system seems to behave in accordance with 
JERRUM’s theory. For solvents of low dielectric constant, theory predicts a decrease 
1 ion association with increase in temperature. Since the extracting species are pre- 
imably ion association complexes, the decrease in extraction as the temperature 
as raised to 40° is in agreement with theory. 


TABLE IV 
arty Tempe aiure 
250 go° 4o° 
Percentage I extracted 97 95 94 
Percentage Cd extracted 68 70 68 
Cd : I mole ratio in extract il eC Wg flag ag ais oo 


electivity 

A qualitative survey of the common anions was conducted to find out which of 
1em would be extracted under the same conditions. Varying degrees of extractability 
ere encountered and may be classified according to the following groups: 

(rz) Anions that were extracted with approximately the same efficiency as the iodide: 
N- and CNS-. 

(2) Anions extracted to a moderate degree: Cl-, Br~, C2O4-?, and NOs. 

(3) Anions that were extracted very poorly or not at all: F~, S203~?, SOa~*, POa~®, 
e-, S72, Fe(CN)e~4, and: BO3-3: 

No evidence of coextraction was found. 


DISCUSSION 


1dmium iodide solutions are known to contain the following ionic and molecular 
ecies: Cd+2, CdI+, CdIz, CdIs~-, CdI4-2 and I-. The simple cadmium and iodide ions 
e probably found only in negligible amounts, since cadmium iodide is a weak biked 
oslyte, except in very dilute solutions’. Working with neutral solutions of ionic 
rength 3, LEDEN!° found the iodide complexes of cadmium present In the folloyy: 
x decreasing order of abundance: CdIa~’, Cdls~, Cdlz and CdI*. ee: Meee 
ING11, on the other hand, obtained from mobility data, using solutions of ionic 
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strength of 0.5 and a total iodide concentration of 0.1 M, the following values for 
the cadmium iodide complexes: 


Gd=2 ss2=—— negligible 
Cdl* =32-== 6% 
Gdillg  ==-==- 12% 
CdIg- ------ 16% 
COGN Visa = 62% 


Their graphs of fraction of complex vs. total iodide concentration where the above 
values were read off showed that the relative amounts of the different complexes 
varied with the total iodide concentration. Harris!? reported from ion exchange 
experiments, using 0.0666 M Cdlz, the presence of CdI,~-2, CdIzg CdIs- and Cdl*+, in 
that order of increasing abundance. 

In the present studies, the solutions were acidic. Undoubtedly, all the different 
complexes of cadmium with iodide would still be present. The question is which forms 
predominate over the others? For simplicity, the formulas of the cadmium iodide’ 
complex ions were written unhydrated, although it is known that molecules of water 
are coordinated to the central ion. CdIz, for example, is really Cd(H2O)ale. With this 
in mind, it is possible that the addition of hydrogen ions, which have a great affinity 
for water molecules, makes it relatively easier for the coordinated water to leave the 
sphere of influence of the central metal ion and for the simple iodide ions to take over 
the vacated positions. In solutions of low pH, say 0.3 and 0.6, the principal cadmium 
iodide complexes are probably, in decreasing order of abundance, CdI3~, CdlIz and 
CdI,~-2. At higher pH values, the following are probably present to a greater extent: 
Cdl, and CdI+. The data in Table I point to the following as the uncharged species 
extracted from solutions of low pH: [H+, CdIs—], CdIz and [2 H+, Cdl,-?]. The in- 
creased participation of the last named ion association complex should be expected 
with further increase in acidity. From px 2 on up to higher pH values, the extracted 
species are probably CdlIz and [CdI+, OH~| with the latter making its greatest partici- 
pation at pH 6, as evidenced by the increase in the acidity of the aqueous phase, 
an increase which is too great to attribute to a possible increase in the solubility of 
water in the TBP—MiBK phase. 

The relative insensitivity to pH change may be due to the existing equilibria among 
the different complexes of cadmium and iodide which allow interconversion from one 
major ionic species to another that can form an uncharged extractable complex at 
the new pH. 

As long as the higher ion association complexes are the major species being extracted, 
the extraction efficiency of iodide is high. Addition of cadmium ions to vary the Cd:1 
mole ratio increases the ionic strength of the solution, making extensive ion association 
possible. However, the concurrent chemical effect limits the ion association to the 
lower complexes as shown by the following equations: 


bd Cd+2 + CdI4-2 + 2 Cdle 


Cat? + CdIg- + Cdlg 4+ Cal+ 
Cd+24.CdI,  -> 2 CdI+ 


The uncharged species being extracted are probably CdIsz, and [CdI+, NO3-] wit 
the latter increasing in importance with increase in Cd:I ratio. The solution added 
to increase the cadmium to iodide ratio wascadmiumnitrate which explains the appear 
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nce of the nitrate ion here. No attempt was made to estimate the amount of nitrate 
xtracted, but its presence was detected. 

The increase in extraction with increase in initial concentration of the cadmium 
»dide solution may be due to the ionic-strength and mass-action effects. The former 
1vors ion-association complex formation which, because of the mass-action effect 


nd the presence of hydrogen ions, would in turn favor the higher complexes, CdI3- 
nd CdI4-2: 

2 CdIzg + CdIs- + CdI+ 

3 CdIg > Cdla-2 + 2 CdI+ 


.t lower concentrations, the amount of simple cadmium and iodide ions increases, 
ut enough complexes are still present to sustain the formation of extractable species. 
he data in Table III point to [2 H+, CdI4-2], [H+, CdI3~] and CdIz as the:predomi- 
ant forms being extracted with the participation of [2 H+, CdI4~?] reaching its peak 
t 0.003 M. Apparently, the CdI+ ion, which is the predominant species at very 
»w Cdl concentrations, is unable to form an extractable uncharged ion association 
omplex, the px of the solutions (~pH 0.6) being so low as to make the formation 
f {CdI+, OH-] highly improbable. 

BJERRUM’s theory predicts that an increase in temperature will cause a decrease 
1 ion association in the TBP-—MiBK phase. In the aqueous layer, the number of ion 
ssociation complexes should increase. Of these two opposing effects, the data seem 
> indicate the predominance of the former. 
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SUMMARY 
olvent extraction is proposed for the isolation of anions. Data obtained in the extraction of 
dide using cadmium as complexing agent under the influence of such factors as pH, addition 
"excess cadmium ions, initial concentration of the cadmium iodide solution and temperature 
-e presented. 

RESUME ' 
‘extraction par solvant est proposée pour la séparation des anions. Les auteurs ont examiné 
nfluence de divers facteurs sur l’extraction de l’iodure au moyen de cadmium comme réactif 
ynplexant. 

ZUSAMMENFASSUNG ; 
eschreibung einer Untersuchung tiber die Trennung von Anionen durch Lésungsmittelextrakti on. 
)dide werden als Cadmiumkomplexe mit einem Gemisch von Tributylphosphat—Methylisobutyl- 
‘ton abgetrennt. Der Einfluss verschiedener Faktoren auf die Extrahierbarkeit wurde unter- 
cht. 
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HALOGENS IN ORGANIC COMPOUNDS BY THE RAPID 
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Il. THE SIMULTANEOUS DETERMINATION OF THE HALOGENS IN THE 
PRESENCE OF EACH OTHER 
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INTRODUCTION 


Most of the methods proposed for the simultaneous microdetermination of two or 
more halogens in organic compounds have been based either on lengthy gravimetric 
determinations!.2, or have involved separations of the individual halogens. It would 
seem from the work of MAHR AND OTTERBEIN? that the completeness of such halogen 
separations is rather questionable on the micro scale. 

Few titrimetric methods have been reported for the simultaneous determination 
of halide mixtures. The method of BERG? has been reported as unreliable®. VOROB’EV 
has modified this method, but his optimum concentrations for each halogen are not 
suitable for application on the micro scale. A method has been proposed® for the 
micro determination of the three halogens in the presence of fluorine, and this was 
considered the most promising tor adaptation to the rapid combustion procedure. 

The titrimetric procedures recommended previously for the individual halogens 
were based on this work, but it was still necessary to establish satisfactory absorptio 
conditions for the simultaneous determination of any combination by the rapid 
combustion method. Moreover, because the method required the use of aliquots for 
the determination of the individual halogens, the accuracy of the titrations involved 
had to be studied to ensure that it did not fall below the generally accepted limits. 


DISCUSSION 
The absorption of halogen combustion products 
Earlier work? has shown that the principal products of the rapid combustion are 
carbon dioxide, water vapour, the free halogens and, depending on the original ele 
mental composition of the compound, variable amounts of nitrogen, nitrogen oxides 
and sulphur oxides together with some nitric and sulphuric acids. Some hydrogen 


* Part I, Anal. Chim. Acta, 24 (1961) 121. 
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loride is formed during the combustion of certain types of chloro compounds, 
otably those which also contain sulphur. In the selection of suitable absorbents for 
1ese gaseous mixtures, any possible side-reactions between the halogens or their 
bsorption products must be considered because of possible interference in the later 
trations. For example, halate formation would vitiate a direct halide determination; 
) prevent this, an efficient reductant must be present in the absorbent. 


'ydrogen peroxide as a reductant 


Hydrogen peroxide has some advantages as a reductant for the absorption of the 
ombustion products of organic chloro and bromo compounds because the determi- 
ation can be completed acidimetrically when nitrogen and sulphur are absent?: 
1e possibility of a total acidity determination on chloro-bromo materials of this type 
as considered, but the absorption behaviour of such compounds proved to be 
ariable. 

When neutral hydrogen peroxide solution was used as absorbent, chlorine was 
uantitatively absorbed but bromine gave results which were about 1° low. Hydro- 
sn peroxide was generally satisfactory under alkaline conditions, but in one case 
1ere was evidence that some bromate formation had occurred. In this exceptional 
se mixtures of p-bromobenzoic acid and hexachlorobenzene were used and the 
mounts of elemental chlorine formed were substantially greater than those from most 
ngle chloro—bromo compounds. Presumably, either the chlorine reacted preferen- 
ally with bromide instead of peroxide, or, under the alkaline conditions some tran- 
ently formed hypochlorite reacted with elemental bromine. Either reaction would 
ad to bromate formation. 

Not unexpectedly, similar evidence was obtained of iodate formation (to the extent 
30-50%) when the combustion products from chloro—iodo compounds were ab- 
rbed in alkaline peroxide. When, however, these halogenated compounds also 
mtained sulphur, it was found that absorption was quite satisfactory in alkaline 
roxide. It would seem that the sulphur dioxide formed during such combustions 
‘eferentially reduces all traces of hypohalite ions, before the hydrogen peroxide can 
sume its dual role as an oxidising and reducing agent in this absorption. Except 
r this particular application, the use of hydrogen peroxide cannot be recommended 
r the absorption of the mixed halogen products from the rapid combustion pro- 
dure. 


iphur dioxide as a reductant 

Sulphur dioxide under alkaline conditions was found to be the best general reduc- 
nt for the absorption of any of the halogen combinations. All excess had to be 
stroyed before the recommended titrimetric finishes were applied. High concen- 
itions of electrolytes, such as sodium sulphate, formed during the neutralisation of 
e solutions interfered with the end-point in the chlorine determination; this difficulty 
is eliminated by keeping the alkali strength of the bisulphite absorption medium 
low 0.1 N. 


curacy of the simultaneous evaluation procedures 
In general the percentages of the individual halogens in di- and trihalogenated 
zanic compounds are lower than those in mono-halogenated substances. The per- 
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centage of chlorine in organic compounds containing one or both of the other halogens 


is usually small. 
The use of aliquots also reduces the effective concentrations of the various halogens. 
This difficulty is largely compensated for the iodine and bromine micro determi- 


nations by use of the amplification methods of LerpERT§ and KOLTHOFF AND Yurzye@ 


but there is no analogous amplification procedure available for chlorine. 

For the evaluation of the total halogens, the mercuric oxycyanide method of 
VreBécK!° appeared to be the most convenient. The chloride can be determined 
subsequently by means of a comparison titration procedure.” after deduction of the 
independently determined acid equivalents for the other halogens, but because the 
titration values for such chloride determinations are usually small, more care is 
needed during the titration; however, if sufficient sample (10-12 mg) is taken and 
if the titration is done from a 5-ml microburette (preferably graduated in 0.01-ml 
intervals) with a 0.005 N titrant solution, reasonably satisfactory results (within 
-+0.30%) can be obtained for the chlorine. ' 

The accuracy of the amplification procedures for bromine and iodine, was found 
to be well within the usual limits for microanalysis (+-0.15°%), despite the reduced 
concentrations in the aliquots. Accordingly, in view of the lower stability of o.or N 
solutions of sodium thiosulphate, it was considered advisable to retain the usual 
0.02 N solution. 


Simultaneous determination of chlorine and bromine 


With neutral hydrogen peroxide as absorbent, these two halogens were incom- 
pletely recovered from organic compounds containing oxygen or nitrogen. An alkaline 
bisulphite absorbent must, therefore, always be used for such compounds. On the 
other hand, alkaline peroxide absorbents cause no trouble when sulphur is also 
present in the compound, whether or not oxygen and nitrogen are present. 

With either of these absorbents, chlorine and bromine are recovered as their halides 
in association with small concentrations of other electrolytes, notably sodium sulphate 
and nitrate. Two aliquots of the absorption solution are taken: the bromine is 
determined in one aliquot by the hypochlorite oxidation procedure®, and the second 
aliquot neutralised and treated with mercuric oxycyanide to obtain the total halide 
content. The acid equivalent of the bromide is deducted and the chloride is then 


determined on the same aliquot by means of the comparison titration method men- 
tioned earlier®.’. 


TABLE I 
Gidiaona ge a a % Baan ve re % Ghia 
+= ‘ dp yeast - eels Rates i found calculated found calculated 
p-bromobenzoyl chloride 8.166 30.39 36.40 16.06 16.15 
OI 6.2 ; 
p-chlorobromobenzene 6.987 ee 41.74 Hate 18.53 
me of 6.856 41.58 18.57 , 
~bromo-2 -chloroazobenzene 7.867 26.92 27.0 d 
2 :6-dibromoquinone-4-chlorimide 6.473 53-51 oe : tba — 
6-chloro-2 : 4-dibromoaniline 6.870 56.09 56.01 - : ne 
p-bromobenzene sulphonyl chloride 6.979 31.20 31.2 es abe 
S-benzyl thiouronium chloride + 3.786 ses Pe ee 
p-bromobenzoic acid 5.838 


39.70 39-75 17.41 17.49 


SE 
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Satisfactory values were obtained on a variety of organic materials; the results 
given in Table I show that both chlorine and bromine can be determined simultane- 
ously with an accuracy of 0.10%. 


Simultaneous determination cf chlorine and iodine 


Preliminary experiments showed that peroxide media are unsuitable for the simul- 
taneous absorption of these two halogens. However, alkaline bisulphite solutions 
were quite satisfactory absorbents, whether or not nitrogen and/or sulphur were 
present. The titrimetric methods for these two halogens are analogous to those out- 
lined above. Thus, the iodide in one aliquot is determined by the LEIPERT method8 
and chloride plus iodide is determined in a second aliquot by the mercuric oxy- 
cyanide method. 


TABLE II 
Sample weight % Chlorine % Iodine 
Compound in = = St ee, 
mg found calculated found calculated 
p-chloroiodobenzene 6.449 14.84 14.87 53-09 53.22 
7.185 14.82 53-13 
p-chlorobenzoic acid + o-iodobenzoic acid 3-755 
; 3.989 22.42 22.65 51.22 51.17 
5-chloro-7-iodo-8-hydroxyquinoline 5.144 11.43 11.60 41.70 41.54 
p-chloroacetanilide + 0-iodobenzoic acid 3.079 
Adios 6 2OL72 20.90 50.98 51.17 
p-chloroiodobenzene ++ benzyl disulphide 6.886 
3-359 14.63 14.87 53-32 53-22 
5-chloro-7-iodo-8-hydroxyquinoline + 5.172 : 
benzyl disulphide 3.164 11.52 11.60 41.43 41.54 


The results on typical test compounds (Table II) show that chlorine and iodine 
can be determined by this method with an average absolute accuracy of +-0.14%,. 
In view of the relatively small amounts of chlorine present in these compounds and 
the unfavourable conversion factor for the iodide acid equivalent, this accuracy must 
be considered satisfactory. 


Simultaneous determination of bromine and todine 

Of the micro determinations available for bromine and iodine, those based on 
iodometric titration of the halates are undoubtedly the best. Attempts were made to 
exploit a controlled, two-stage iodometric titration of bromate and iodate based ee 
studies by VAN DER MEULEN!!; the method was satisfactory on pure halate solutions 
under the recommended acid-buffering conditions, but poor results were obtained 
when halides were oxidised to halates. The iodate recoveries were quite satisfactory 
but those for bromate were low. Detailed studies of this reaction have been postponed. 

In the recommended method two aliquots are again required, iodine being a 
termined in one by the Lempert procedure and the total iodine and gece. e ra 
other by the hypochlorite oxidation procedure; the bromine 1s then calculated b: 

i nce§, ; F 

“eee bisulphite solution was again found to be the most suitable absorbent 
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for these two halogens in their various combinations with oxygen, nitrogen and 


sulphur. 
The results, some of which are given in Table III, show that these halogens can be 


determined simultaneously with an accuracy of +0.15%. 


TABLE III 
Sample % Bromine % Iodine 
pts ge a ze found calculated found calculated 
2:4 :6-tribromoiodobenzene 7.370 54.41 54.40 28.81 28.79 
Q.122 54.56 28.88 
o-bromoiodobenzene 11.025 28.29 28.25 45-01 44.86 
3 :5-diiodo-2-hydroxybenzoic acid 5.024 
+ m-bromonitrobenzene 4.550 39.42 39.56 64.96 65.09 
trimethyl ammonium iodide 4.423 Fay 
-+ p-bromophenacy! bromide 5.616 57-44 57-50 62.97 3.1 
7-iodo-8-hydroxyquinoline-5-sulphonic acid 8.554 ? 
+ p-bromophenacyl bromide 4.579 57-31 57-50 36.13 30.14 
TABLE IV 
. ain | Compound thi Cl Br I 
1-iodo-2 : 4-dibromo-6-chlorobenzene 
Halide present (mg) 0.253 Teles 0.907 
Halide found (mg) ~* 0.248 1.139 0.905 
% theory 8.95 40.33 32.02 
% found 8.77 40.18 31.95 
p-chloroiodobenzene + p-bromophenacyl bromide 
Halide present (mg) 0.312 1.268 1.118 
Halide found (mg) 0.305 1.265 Tang 
% theory 14.87 57-50 53.22 
% found 14.53 57-33 53-26 
o-iodobenzoic acid -+- p-bromobenzene sulphonyl chloride 
Halide present (mg) 0.285 0.643 1.376 
Halide found (mg) 0.281 0.639 1.369 
% theory 13.87 31.17 51.17 
°% found De yA 31.10 51.00 


6-chlovo-2 : 4-dibromoaniline + 7-iodo-8-hydroxyquinoline-5-sulphonic acid 


Halide present (mg) 0.306 1.382 0.785 

Halide found (mg) 0.314 1.385 0.786 
°% theory 12.42 56.01 30.14 
°% found 12572 560.16 30.21 


Simultaneous determination of chlorine, bromine and iodine 


The combustion products were absorbed in alkaline bisulphite solution. The ab- 
sorption solution had to be divided into three aliquots for the subsequent finishes 
which involved determination of the iodide by the Lerrert method, the total iodide 
and bromide by the hypochlorite oxidation procedure and the total halide by the 
method of VizB6cK". The chlorine was then determined by the comparison titration 
method, after deducting the acid equivalents for iodine and bromine. Because all 


three titrimetric procedures used are unaffected by sulphate and/or nitrate ions, this 
method is of general applicability. 
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The three aliquot procedure reduces very considerably the effective halide con- 
centrations in the solutions used for the final titration; but this difficulty can be offset 
by taking a larger sample weight of the order of 10-12 mg. 

The results given in Table IV show that the accuracy for the determinations of 
bromine and iodine by this method is as good as that reported for their di-halogenated 
combinations (-+-0.15%). Not surprisingly, the values for chlorine were the least 
accurate (--0.30%) though in view of their dependence on the accuracy of the bro- 
mine and iodine values, this accuracy must be considered satisfactory. 


EXPERIMENTAL 


A. The simultaneous determination of chlorine and bromine (in the absence of S) 
Procedure 


The organic sample (4-8 mg) is burned as described previously? and the gaseous 
products are absorbed in 7-8 ml of 0.1 N sodium hydroxide containing 3-5 drops of 
35 °% sodium bisulphite solution. The resulting absorption solution is transferred with 
the aqueous washings (4 x 3 ml) toa 100-ml lipped, conical flask and boiled for a few 
minutes with 2-3 drops of M.A.R. 30% hydrogen peroxide to destroy all excess of 
bisulphite. The solution is cooled, neutralised with 0.1 N sulphuric acid in presence 
of 3 drops of aqueous methyl red indicator solution and then made up to 50 ml in 
a graduated flask. 

Two aliquots of 20 ml are taken for the two halogen determinations. 


Bromine determination 
The aliquot is placed in a 250-ml stoppered conical flask and analysed by the 
hypochlorite oxidation procedure (= b ml)®:9. 


Total halide determination 


The second aliquot is transferred to a 100-ml conical flask and neutralised in pres- 
ence of a definite amount of methyl red-methylene blue indicator solution (6-8 
drops). After the solution has been treated with 10 ml of 2% mercuric oxycyanide 
solution (measured accurately), the alkali liberated is titrated with standardised 
0.01 N sulphuric acid (= a ml). 


Chlorine evaluation 

In a matched 100-ml conical flask is placed an equal volume of neutral, distilled 
water and screened indicator solution, together with ro ml of the mercuric oxycyanide 
solution and the amount of 0.01 N sulphuric acid which is calculated as equivalent 
to the chloride content (a — b/3). Finally, the comparison solution is titrated with 
0.005 N sodium chloride solution until the colours in the two flasks are again matched. 


Blank determination 
_ It is essential to carry out a blank determination on all reagents, preferably using 
a sample of benzoic acid. 


Calculations ” 
Total halide titre: a ml of 0.01 N H25O4 k we 
mg of Br- found in aliquot = b ml of 0.02 N NasS2O03 X 0.26639 
Cl- acid equivalent = (a — }/3) ried al 
mg of Cl- found in aliquot = ¢ ml of 0.005 N NaCl X 0.1773 
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B. Chlorine and bromine (in the presence of S) 

Procedure 

The combustion is carried out as before but 7-8 ml of 0.1 N sodium hydroxide 
and 0.5 ml of 30% hydrogen peroxide are used as absorbent. The excess of peroxide 
is removed by boiling for several minutes in a 100-ml lipped conical flask. The solution 
is then cooled, neutralised with 0.1 N sulphuric acid in presence of aqueous methyl 
red solution and made up to 50 ml in a standard flask. The two halogen determinations 
are carried out exactly as described above with two separate aliquots of 20 ml. 


C. The simultaneous determination of chlorine and iodine (in the presence or absence of 
N and/or S) (a general method) 
Procedure 


The decomposition of the sample and treatment of the absorption solution are 
exactly as described under (A). Two aliquots of 20 ml are then taken. 


Determination of iodine 


A 20-ml aliquot is placed in a 250-ml stoppered, conical flask, treated with 5 ml 
of 24°%, potassium dihydrogen phosphate solution and 1.0-1.5 ml of saturated bromine 
water and allowed to stand stoppered for 5 min. The destruction of the excess bromine 
and iodometric titration is as described previously’. 


Total halide determination 


After addition of a known amount of screened indicator to the 20-ml aliquot in a 
100-ml conical flask, the solution is neutralised and treated with exactly ro ml of 
mercuric oxycyanide solution. The released hydroxyl ions are titrated with o.or N 
sulphuric acid (= @ ml). The chloride is evaluated as described under (A). 


Calculations 


Total halide titre a ml of o.o1 N H2SO4 
mg of I~ found in aliquot = 6 ml of 0.02 N NazS203 x 0.4231 
Cl- acid equivalent (a — b/3) 


mg of Cl- found in aliquot = c ml of 0.005 N NaCl x 0.1773 


li it ll 


D. The simultaneous determination of bromine and iodine (a general method) 
Procedure 


7-8 ml of r N sodium hydroxide containing 3-5 drops of 35°% sodium bisulphite | 
solution are used as absorbent. Excess of bisulphite is removed by boiling the resulting 
solution with 2-3 drops of M.A.R. 30% hydrogen peroxide. The cooled solution is — 
neutralised with 1 N phosphoric acid in presence of aqueous methyl red indicator 


solution and then diluted to 50 ml in a standard flask. Two aliquots of 20 ml are taken 
for the separate halogen evaluations. 


Determination of iodine 


The aliquot is placed in a 250-ml stoppered flask treated with I.0-1.5 ml of satu- 
rated bromine water and allowed to stand for 5 min. The subsequent treatment 


and titration procedure is exactly as described previously. Mg of I- in aliquot = a ml 
of 0.02 N NagS203 x 0.4231. 
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Determination of total iodine and bromine 


The 20-ml aliquot is subjected to the hypochlorite oxidation procedure and the 
otal halate is evaluated iodometrically with 0.02 N thiosulphate (6 ml) 


-alculation 


mg of Br~ found in aliquot = (b — a) ml of 0.02 N NasSeO3 «x 0.26639. 


Blank determination 


The blank on all reagents must be checked preferably by burning a sample of 
yenzoic acid or sucrose. 


E. The simultaneous determination of chlorine, bromine and iodine (in the presence or 
absence of N and/or S) (a general method) 
Procedure 


The sample (10-12 mg) is burned as usual and the combustion products are absorbed 
in 7-8 ml of 0.1 N sodium hydroxide solution containing 3-5 drops of 35°% sodium 
pisulphite solution. After transference to a r00-ml conical flask, excess of bisulphite 
is destroyed by heating with 1-2 drops of M.A.R. 30° hydrogen peroxide. The cooled 
solution is neutralised with 0.1 N sulphuric acid, using aqueous methy] red as indicator 
and then made up to 50 ml in a graduated flask. 

Three aliquots of 15 ml are required for the evaluation procedures, two being trans- 
ferred to 250-ml stoppered, conical flasks and the third to a roo-ml conical flask. 

The iodine, total bromine and iodine and total halide determinations are then car- 
ried out as already described for the di-halogenated combinations. The chlorine is 
evaluated by the comparison titration procedure after deducting the acid equivalents 
for bromine and iodine. 

SUMMARY 


[The absorption of the gaseous combustion products from the rapid, empty tube combustion 
srocedure has been studied. Organic compounds containing any combination of chlorine, bromine, 
ind iodine as well as oxygen, nitrogen and sulphur have been examined. Several methods based 
on established titration procedures have been developed for the simultaneous microdetermination 
»f any two or all three halogens in organic materials. 


RESUME 
_es auteurs ont effectué une étude sur l’absorption des produits de combustion gazeux et proposent 
les méthodes titrimétriques pour le microdosage des halogénes dans des substances organiques, 
yar le procédé de combustion rapide. 


ZUSAMMENFASSUNG 


3eschreibung von Titrationsverfahren zur gleichzeitigen Bestimmung verschiedener Halogene 
n organischen Substanzen nach Verbrennung mit Sauerstoff im leeren Rohr. 
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ON THE CONCENTRATION AND SEPARATION OF THE TRKAGEH 
ELEMENTS: Fe, Cu, Zn, Mn, Pb, Mo and Co* 


I. ION EXCHANGE METHODS 
P. C. vaN ERKELENS 
Rescarch Institute for Animal Husbandry, Schoonoord, Utrecht (The Netherlands ) 


(Received September 28th, 1960) 


GENERAL INTRODUCTION 


Owing to the increasing demand for rapid results in analytical chemistry, there is a _ 
general trend to automation, but at the same time the problems posed become 
more and more complex. It is thus impossible to do without classical chemical methods 
and separation techniques, such as ion exchange, solvent extraction and paper chro- 
matography (cf. WHITE!). This statement is certainly true for trace analysis, where — 
automation is only possible to a very small extent. Only in a limited number of 
cases (for instance, in some activation methods and in X-ray-fluorescence) is the 
determination of micro constituents feasible without any classical chemical treatment. 
Generally, some pretreatment is inevitable, and usually involves concentration of the — 
traces, separation from the macro-constituents and mutual separations. In fact, the 
development of the separation techniques mentioned above has been greatly stimu- 
lated by the importance of trace analysis. 

A satisfactory pretreatment should (rz) concentrate the trace elements to a level 
at which they can be determined with the accuracy required, (2) separate the ions 
to be analysed from interfering constituents and (3) not introduce any compound — 
interfering with the subsequent quantitative determination(s). In some radiochemical 
separations, a rapid method is required, owing to the short half-lives of the nuclides 
concerned, 

This study is restricted to ion exchange (part I), solvent extraction (part II) and 
paper chromatography (part III), the results being compared at the end of part III. - 
Elegant solutions of the problem are of course also offered by other methods, but 
none of these techniques has been so generally accepted as the three mentioned above 
(cf. Norris?; CooKe?). Precipitation must be rejected because of the adsorption-, 
occlusion- and coprecipitation-effects involved. | 

A further restriction is made to the ions of iron(II), copper(II), zinc(II), manganese 
(II), lead(II), molybdate and cobalt(II), while sodium, potassium, calcium, magne- 
sium, phosphate and sulfate ions are considered to be macro-constituents (this 
classification refers to the situation in the animal field. Application of our results to 
other fields is of course possible in many cases) 


. 


* Publication No. 1288 of the Research Institute for 


i Animal Husbandry “‘S - 
ros, Utrecht (The Netherlands). adh 6 hae 
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Separations are primarily considered in connection with radiometric determinations 
of the trace elements, but they are also applicable to other quantitative techniques. 


INTRODUCTION TO ION EXCHANGE STUDY 


Many new techniques have been developed since RIcHES4 and Lur’E AND FILIPpova} 
carried out their experiments on the concentration of trace elements by ion exchange. 
Apart from more efficient concentration techniques, separations of many inorganic 
ions have been developed. Reviews have been given by ABRAHAMCZIKS, Kraus’, 
Kunin®.® and HuDGENS!9, 

Three different approaches to the problem can be distinguished*: 

(1) Specific ion exchange materials were developed as a parallel to the natural 
occurring specific metal-complexes. SPECKER eé¢ al.11,12 separated iron(III) from other 
cations and also separated Cu, Zn, Mn, Pb, Co, Ca and Mg from alkali metals; Cornaz 
AND DEUEL!8 devised a selective method for iron(III) ; BAYER! obtained a separation 
of copper and cobalt from zinc, magnesium and barium; KuLticKyj! prepared a 
selective exchange material for copper. GRIESSBACH!6, TROSTYANSKAYA AND TEVLINA!? 
and KuNIN!8 have reviewed the field. 

Future developments will be of considerable interest but a solution to our problem 
on this basis seemed to be rather improbable. 

(2) Specific complexing agents, added either to the sample solution, to the eluant, 
or to the column itself, have been used by many authors and remarkable results have 
been obtained, e.g. in the separation of the rare earth elements. Unfortunately, many 
complexes interfere with (most of) the subsequent quantitative determinations and 
thus one of the major advantages of ion exchange is lost. The negatively charged 
chloro-, bromo-, and fluoro-complexes do not suffer from this disadvantage. A sep- 
aration of many metals by anion-exchange of their chloro-complexes is possible, as 
was shown by MoorE AND Kraus?9, A review of the extensive literature with Dowex 
I X 10 has been given by Kraus AND NELSON2° while results with Wofatit-150 
have been reviewed by JENTzscH?!. Alcohol-hydrochloric acid mixtures were 
used by Wikis et al.22 and by BERG AND TRUMPER?’. Unfortunately, with the 
ashes of biological samples, precipitates of the major constituents are obtained in 
concentrated solutions of chloride or bromide, thus this method can only be used 
when the major constituents have been previously removed. 

(3) Specific elution of cation-exchange columns with organic solvents has been prac- 
tised by only a few authors: KEMBER ef al.24 separated copper from iron and nickel 
on Zeocarb 225-H with mixtures of acetone, hydrochloric acid and water. Later these 
authors25 recommended Amberlite IR-112. Ionescu e¢ al.?6 and BUZNEA et al.?? 
separated copper and zinc with a similar solvent on the ion-exchange materials KU-2 
and R-2tr. , 

As this method does not suffer from the disadvantage mentioned above, it was 
chosen for our experiments. Radioactive tracers were used to facilitate the evaluation 
of the results. 


EXPERIMENTAL 
VUaterials 


Choice of the resin. Many resins collapsed in the elution mixtures. Amberlite [R-112 


‘ Other ion exchange procedures, e.g. electro ion exchange are not considered here. 
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and Amberlite XE-100 (which according to the manufacturer, Rohm and Haas, ~ 
Philadelphia (U.S.A.), have the same properties) were the most satisfactory. 

Chemicals (not radioactive). Ion exchange water was used, which had a resistivity 
of at least 3 Megohms. The sulfuric, perchloric, hydrochloric and nitric acids and the 
ammonia were of ‘““AnalaR’’ quality and had specific gravities of 1.84, 1.54, 1.18, 1.42 
and 0.88 respectively. Nitrates and chlorides were used for the inorganic salts; all 
reagents, including: sodium pyrophosphate, disodium phosphate, hydrogen peroxide 
(30%), potassium iodide, hydrazine hydrate, methanol, ethanol, chloroform, acetone 
(containing 1°% water), rubeanic acid and titan yellow, were of reagent grade (either 
AnalaR or Merck #.a.). 

Radio-active chemicals. Dilutions from a small volume to 1 ml are given and 
(between brackets) the amounts of the anion or metal used per experiment (in ml, 
mC and wg respectively; for molybdenum, which has a short half life, a medium 
value for the amount in jug is given). 

35SQ4~2: 66 wC NazSOq (carrier free) in water, diluted with 0.01 M sulfuric acid 
to 1 ml (0.001-66-0.5). 

32PO4-3: 17 wC NazH2POz, (carrier free) in water, diluted with 0.or N phosphoric 
acid to 1 ml (0.00I-17-0.33). 

59Fe: 150 uC 5*Fe+3 (33 wg) in 1 N hydrochloric acid, diluted with the same acid 
to r ml (0.001-160-0.05). 

65Zn: 200 wC 65Zn+*2 (1000 wg) in 1 N hydrochloric acid, diluted with the same acid 
to 1 ml (0.00I-200-1). 

210Pb: 100 wC 210PbCle (Radium-D in equilibrium with its decay products) in 2.5 N 
nitric acid, diluted with 9 N hydrochloric acid to 7 ml; 210 «vg of inactive lead was added, 
the decay products were removed by anion-exchange through a 5-ml column of Dowex 
I X 10, and the eluate was diluted with 9 N hydrochloric acid to 10 ml (0.1-1000-0.22)*. 

®®Mo: 30 wC (NHa)2°®MoOq (2500 wg Mo) in water, diluted with water to 1 ml 
(0.005-I50-12.5). 

°4Mn: t0 yC ®4MnCle (carrier free) in 0.1 N hydrochloric acid, diluted with 1 N 
hydrochloric acid to 1 ml (0.01-100-10-5). 

®°Co: oo WC 6°Co* (10 wg) in 1 N nitric acid, diluted with this acid to x ml (0.00r- 
100-0.01). 

8°Sr: 1.25 wC 8%SrCle (carrier frec) in 0.1 N hydrochloric acid, diluted with 
hydrochloric acid and 10 mg of Sr as SrCle added (0.001-800-10). 

ts a: 0.25 uC 4Ca* (0.2 wg) in 0.1 N hydrochloric acid, diluted with 1 N hydro: 
chloric acid (0.1-26-0.02) 


Apparatus 
The column consisted of a pyrex glass tube (Fig. 1), fitted with a removable funne 
(A) and a fused-in filterplate (B). 
M casurement of radio-activity was performed with an end-window GM-tube (Phili 
18506), a GM-tube for liquid samples (2oth Century Electronics M-6) or a well-t 
Nal-crystal (Philips PW 4111/W), all combined with a scaler (Philips Fm 


With the crystal sometimes a single- 
we Re es a single-channel analyzer was applied (E.K.A.F. 30301 


* For details see ref. 28 
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Further apparatus: Beckmann-DU spectrophotometer with flame attachment : 
hotovolt densitometer with scanning attachment; Beckmann-G pH-meter. 

Wet ashings were performed with the apparatus shown in Fig. 2. The pyrex glass 
ubes (A) were cleaned with sulfuric—chromic acid and then with 3°% hydrofluoric acid 
nd were kept under 2 N nitric acid. These tubes were heated on the aluminium case 
B) over an infrared heater (C), fitted with a mirror (D). Reagents were added through 
) and vapors removed through (F). 


Ns 145 


internalé 6mm 


220 
150 


Fritted glass 


Fig. r. Ion exchange column. 
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Fig. 2. Ashing apparatus. 


vetreatment of the ion-exchange column and the sample is 
The ion-exchange material was treated with 0.5 N hydrochloric acid and ear bs 
ne column as a slurry. After a final wash with 10 ml of the 0.5 N and acid 10 ml o 


ater, it was ready for use. 
The length of the column depended on the amount of cations to be analysed. As the 


pacity of the wet resin is about 2 milliequivalents per ml and the column can be 
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loaded with cations to about 20% of its capacity, a column of 15 cm (4 ml) is sufficient 
for 1.6 milliequivalents of cations (or for the ash of 3 g of dry cow liver or 0.8 g 
of dry grass for instance). 

About 1 g of the air-dried sample was ashed with 0.5 ml of sulfuric acid and some 
nitric acid. Either hydrogen peroxide or perchloric acid was used to clarify the so- 
lution. The latter reagent was only added when the mixture contained no coarse 
particles. After cooling, the solution was diluted with water to 100 ml and added to 
funnel A of Fig. 1. 


Separation technique 

The solution of the ash in general had a pH between I and 2. Although this value ~ 
is rather low for sorption by cation-exchange material, it was not increased owing to — 
possible losses of iron(III) at higher pH values. SAMUELSON?® reported such losses 
and ascribed them to the formation of colloidal hydroxide’*. 

Our own experiments, carried out with the ash of 1 g of dry cow liver containing 
about 300 yg of iron(II) in 100 ml, denoted a loss of: 0, 0.5, 10 and 25% at pH 2.0- 
2.5, 3-0 and 3.5 respectively. | 

Sorption was carried out slowly (a flow rate of 10 ml/min/cm?) in order to obtain 
homogeneous loading of the column and sharp separations. The last traces of the an- 
ions were washed out with 0.or N hydrochloric acid in order to keep the iron(II1) 
adsorbed on the column. | 

Before the separation (with the acetone—hydrochloric acid mixtures) the column 
had to be adjusted to the right acetone concentration with a mixture of acetone and 
water. Gas bubbles were formed during this treatment (by evaporation of the acetone) 
but their influence on the efficiency of the separation proved to be small. A cold-water 
jacket can be used to minimize this effect. 

Mixtures of several of the lower esters, alcohols and ketones with aqueous solutions 
of hydrohalic acids were investigated for the selective elution. Acetone—-hydrochloric 
acid was found to be the most satisfactory .Separation into the groups, Fe, Cu, Zn, Pb 
— Co, Mn — Na, K, Ca, Mg was achieved with acetone—hydrochloric acid mixtures of 
different composition. The separation of copper and cobalt was the most difficult; 
separation was obtained more rapidly with a solvent containing acetone —h ydrochloric 
acid—o.or N potassium iodide (89 :1:10) to which some hydrazine was added to 
prevent oxidation. The excess of iodide interfered with most subsequent quantitative 
determinations, hence it had to be oxidised and the iodine boiled out, which made 
the method more complicated. 

With 15-cm columns, 100 ml of acetone—hydrochloric acid was required for each 
elution ; a velocity of 3 to 4 ml/min/cm? had to be maintained to achieve sharp 
separations. 

The eluates were collected in “‘Teflon’’ dishes and before analysis the acetone was 
evaporated in a clean atmosphere. The columns were regenerated with 2 N hydro- 


chloric acid, which eluted Na, K, Ca, Sr, Ba and Mg, and were finally washed with 
water. 


* The difficulties encountered by HamM?° in the sorption of iron(IT1) 
of excessive amounts of pyrophosphate in his dry-ashing technique. I 
this anion are formed. 


were due to the formation 
n wet-ashing only traces of 
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Analytical methods 


The efficiency of the separation was tested: 


(1) With radio-rsotopes (sec Materials, p. 44). 4°Ca and 35S were measured with 
the end-window GM-tube, ®°Sr and 82P with the M6 GM-tube and the other isotopes 
with the scintillation counter. With the aid of the single channel analyser several 
isotopes could be measured simultaneously. All measurements were performed in 
solution, except for the fractions containing 45Ca or 35S which had to be evaporated 
in an aluminium dish. 

(2) Magnesium was determined with titan yellow following SANDELL®!. For copper 
a densitometric method with rubeanic acid was preferred as it allowed the measure- 
ment of a large number of samples (parts of the eluates) in one procedure*. 

Strips of Whatman No. 1 paper (2.5 50 cm) were washed** chromatographically 
in the descending way with (a) 9:1 methanol—hydrochloric acid, (b) 9 :x methanol- 
ammonia and (c) 95 :5 methanol—water, each washing lasting 24 h. The washed paper 
had a copper-content of less than 0.01 g/cm? as was determined by ashing two strips 
and applying the determination described below. 

With a micropipet 0.01 ml of the eluate of the ion-exchange column (or its con- 
centrate***) was placed on a washed paper strip, dried for 2 h, neutralized by placing 
for r hin ammonia vapor and sprayed with a 0.5% solution of rubeanic acid in ethanol 
on both sides. The spray was of an ordinary type, the current of air being delivered 
automatically in order to obtain a steady stream of the reagent. The paper strip was 
moved by hand, but as continuously as possible, before the sprayer at a distance of 
about 20 cm. This spray was repeated 2 or 3 times. The dried spots were measured 
with the Photovolt densitometer, a slit of 0.1 x 0.6 cm and a color filter with a 
maximum at 630 mu being used. Beer’s law was followed from 0.1 to 2.0 ug of copper/ 
0.01 ml. 

When standards were placed between the samples the standard deviation was 8% 
and 4% for the ranges of 0.1-1.0 and 1.0-2.0 wg of copper respectively. Microgram 
amounts of cobalt and nickel interfered; a reagent-blank had to be subtracted. 

(3) Finally, sodiwm and potassium were analysed by flame photometry, with which 
less than 0.004 and 0.2 wg per ml of the respective elements could be determined. 


RESULTS 


The figures given in Tables I, II and III were all found as a mean of 4 experiments 
with the ash of 1 g of dry cow liver. Table I shows the separation of cobalt from Cu, 
Fe, Zn and Pb (manganese behaves similarly to cobalt). It is clear that the mixture 
93-I-6 is to be preferred (the acetone contained an additional 1% of water). 

Table II shows the separation of cobalt and manganese from calcium (the other 


9A similar method using either 8-hydroxyquinoline or 7-iodo-8-quinolinol-5-sulfonic acid proved 


to be suitable for the determination of 0.1 yg of iron in 0.01 ml: a 1% solution Se ee 
sthanol—chloroform (1:1) and a color filter with a maximum at 570 my were es Bane ort 
than a few mg of sulfate or phosphate was present per ml, the latter reagent is to be f 
(see also ZIEGLER??). _-* 
k* The choice of this purification method was justified in 
oroblem?5. 

k** Concentrated in a 


a more extensive consideration of the 
i i 3 sf Tuiers ef al.33. 
“Teflon” dish, by evaporation, following the me thod of THIERS ¢ 
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alkaline earth metals behaved similarly and the alkali metals slightly better). It is 
clear that the mixture 93-5-2 is to be preferred. Table III shows the complete sep- 
aration with the mixtures selected above. 


TABLES 
SEPARATION OF Co FROM Cu, Fe, Zn AND Pb 


(Percentages found in the first acetone—hydrochloric acid—water eluant) 


Eluant* 
Metal 
8qg—1-10” S8g-1I-10 gr-1-8 92-I-7 Q3-1-6 Q4-I-5 
Co 0.0 O.1 0.3 0.4 1.4° 36.5 — 
Cu 99 fs 89 96 98 99 
Fe, Zn, Pb? 99 94 96 98 99 100 


@ Volume percentages of acetone, hydrochloric acid and water respectively. 
b 70% 0.01 N potassium iodide instead of water. 


¢ Standard deviation 0.5. 
4 Mean values for the 3 elements are given. 


TABLE LL 
SEPARATION OF Mn AND Co FROM Ca 


(Percentages found in the second acetone—hydrochloric acid—water eluant) 


Eluant® 
Metal 
98-I-1 97-1-2 96-2-2 95-3-2 94-4-2 93-5-2 92-0-2 92-5-0 
Mn 79 76 86 90 93 94 94 96 
Co go 89 93 94 95 97 97 98 
Ca 1.5 <I 1.5 1.5 AS) 2).5 3.0 3.5 


* Volume percentages of acetone, hydrochloric acid and water respectively. 
> Standard deviation 0.6. 


TABLE IIl 
COMPLETE SEPARATION OBTAINED BY CATION-EXCHANGE 


(in percentages) 


Fraction* - ae sg % Tot oath 1m 
MoO. SOs? POs3 Fet8 = Znt2 Pot Cut? Cot? Mnt2 Cat®? Mgt? Srt2 

First 

effluent 96 96 96 <JO:5+- <0 “=< O7 fo) 

Washing 5 5 5. S035) 015015) 055 <0.5 <0.5 

liquid 2 3 4 fo) fe) fo) fo) to) oO 

93-1-6 99 99 99 98 ns tr te) 

O3- 5220 <I <0.5 <0.5 97 94 

2 N HCl 055) =60.5, 0:5 2.5 

and H2O <I 4 


* See procedure below; the 93:7 acetone—water contained none of the ions to an appreciable 


extent; less than 0.5 or 1.0% of the respective ions w i i 
as foundin t pmen 
with 2 N hydrochloric acid and water. are emer ecm 


CONCENTRATION AND SEPARATION OF TRACE ELEMENTS |I. 49 


CONCLUSIONS 

(z) The most important separations: Fe-Mn; Fe-Mo ; Fe-Co; Cu-Co and Mn-Zn 
ire all established. The trace elements are separated from the macro constituents and 
concentration is easily accomplished. No interfering complexes are introduced. 

(2) Further separations of the groups Co—Mn and Fe-Cu-—Zn-—Pb are possible, e.g. 
by applying anion exchange to the evaporated eluants (concentrated hydrochloric 
acid). 

(3) The solvent 93 : 1:6 acetone-hydrochloric acid —water (in fact 92-I-7) is better 
suited for the separation of copper and cobalt than that used by KEMBER ef al.24,25 
(89 : I : 10 of the same constituents), which is however excellent when potassium iodide 
is added to the water to give a 0.01 N solution. 


(4) The behaviour of the molybdate is in contradiction with the results of SAMUEL- 
3ON?9. 


Recommended procedure 


Wet-ash 1g of air-dried material witho.5 ml of sulfuric acid and an adequate amount 
of nitric acid using hydrogen peroxide or perchloric acid if necessary. Cool, and dilute 
to 100 ml. Fill the column (Fig. 1) with a slurry of Amberlite XE-100 in 0.5 N hydro- 
chloric acid and wash with ro ml of the 0.5 N acid and 10 ml of water successively. 
Adsorb the cations during 40-50 min (molybdenum is found in the eluate) and wash 
with 50 ml of 0.or N hydrochloric acid during 20 min. Condition with 10 ml of 93:7 
acetone—water during 5 min and elute Fe, Cu, Zn and Pb with roo ml of 93:1:6 
acetone —hydrochloric acid—water during 100-125 min. Elute Co and Mn with roo ml 
of 97 5:2 acetone —hydrochloric acid —water over a similar period and regenerate with 
20 ml of 2 N hydrochloric acid and 20 ml of water (eluting Na, K, Ca, (Sr, Ba) and Mg). 
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SUMMARY 


-ation-exchange materials and selective elution with acetone—hydrochloric acid mixtures are, 
ised to concentrate the constituents of biological ashes and to separate them into the groups: 
VioO4-2, SOs-2, PQg-8; Fet3, Zn+2, Pb+2, Cut2; Cot2, Mnt2; Na+, K+, Ca*?, Mg*?. 


RESUME 
\u moyen des échangeurs de cations et par des élutions sélectives, il a été possible de concentrer 
+ de séparer divers constituants des cendres biologiques (Fe, Zn, Cu, Mn, Pb, Mo, Co). 
ZUSAMMENFASSUNG 


és wird die Anwendung von Kationen-austauschern und selektiv 
aure Gemischen beschrieben zur Konzentrierung und Trennung re re: eer 
\schen in folgende Griippen: MoO4~2, SOu-?, POs-8; Fet?, Zn*?, Pb*#, Cut®; Com", 4 

Ct. Cat?2, Mg??2. 


e Eluierung mit Aceton—Salz- 
dteile biologischer 
< Nas 
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INTRODUCTION 


The most accurate method available for the determination of arsenic is probably the 
titration of As(IIT) to As(V) with iodine!. Indirect iodimetry, the thiosulphate titra- 
tion of the iodine liberated by iodide ion reduction of As(V) to As(III), is capable 
of almost equally good results under proper conditions?. In order to apply either 
method to the analysis of arseniferous materials, it is necessary in the practical case 
to separate the arsenic from the other constituents of the sample. The most generally 
applicable method of separation is distillation of the arsenic as AsCl3, but as a con- 
siderable number of accurate analyses of specially prepared arsenic compositions was 
required for an X-ray diffraction study of various arsenides, a more expeditious and 
convenient method was desirable. Separation of the arsenic by ion-exchange as de- 
scribed by ODENCRANTZ AND RIEMANN3, makes it possible to avoid the distillation 
altogether and to use the eluate direct from the resin-bed, after pH adjustment, for 
the titration of the arsenic. These authors obtained the arsenic in the insecticides, 
which were the subject of their investigation, as HsAsO4 by dissolving the sample 
in HNOs and adding KBrOs3 before taking to dryness. On taking up with water and 
HCI sufficient to give a solution 0.3 N in acid and passing through a column of cation- 
exchange resin in the H-form, they recovered the As(V) in the eluate, all cations 
present being retained on the resin. The eluate was then made 4 N in HCl and the 
As(V) determined by indirect iodimetry with KI and thiosulphate. . 

The procedure just outlined above was adapted to the analysis of alloys of arsenic 
with cobalt, copper and nickel. Very satisfactory results were obtained. However, 
when alloys of arsenic with iron were analyzed by the same method, erratic results 
were obtained. The sum of the arsenic and iron values was invariably less than 100%. 
The investigation of this interference and the development of a satisfactory procedure 
for the rapid analysis of iron-arsenic alloys are the subjects of this report. 


EXPERIMENTAL 
Reagents : 
Ion-exchange resin. Most of the work was carried out with Dowex 50 W-X8 Analyti- 
cal Grade 50-100 mesh, Dow Chemical Company. A few tests were repeated on 
Amberlite IR 120, Analytical Grade, Rohm and Haas Company. 
Arsenic standard solution. A 0.1 N sodium arsenite solution was: prepared by 
dissolving 4.9455 g of A.R. grade As2Ox3 in 40 ml of 1 N NaOH oe Rept 
ing to about goo ml. The solution was made neutral to litmus with HCl and di 
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to 1000 ml. The final solution was standardized against N.B.S. Primary Standard 
As2O3 No. 83b by means of an iodine solution in the usual way. 

Iron standard solution t ml = 0.005 g Fe. Pure iron wire for Standardizing, A.C.S. 
reagent, was dissolved in 1:1 HNOs3 and evaporated to dryness. The residue was taken 
up with HCl and water and diluted to volume. The solution was standardized gravi- 
metrically and volumetrically by the Zimmerman-Reinhardt method. 

0.1 N Iodine solution. Prepared in the usual way and standardized against the so- 
dium arsenite solution at frequent intervals, as necessary. 

0.1 N Thiosulphate solution. Prepared in the usual way and standardized against 
the freshly standardized iodine solution. 

All other reagents mentioned were of analytical reagent quality. 


APPARATUS 


The ion-exchange columns were of the conventional pattern made from 10-mm 1.d. 
tubing as shown in Fig. 1. The resin bed was about 10 ml in volume. The 125-ml 
separatory funnels were marked at 15 ml and 50 ml. 


Fig. 1. Convenient rugged column for routine use. 


DEVELOPMENT OF METHOD 


Procedure I, as applied to alloys of As with Co, Ni or Cu. 
About 0.25 g (depending on As content) of the allo 


y was accuratel i i 
a 250-ml beaker and dissolved in 15 ml of 1:1 HNOs heer Aa 


, with gentle heating; ro ml of 
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bromine water was added and the solution evaporated to dryness, finishing on the 
steam bath. The residue was wetted with about 2 ml of HCl and evaporated again 
to dryness on the steam bath. This step was repeated once more. The residue was dis- 
solved in 2.5 ml of 1:1 HCl and ro ml of H20 by gentle warming. When the solution 
was clear, it was transferred to a separatory funnel marked at 15 ml and 50 ml and 
made up to a final volume of 50 ml with water. The solution was passed through a 
column of Dowex 50 W-X8 in the H-form at a rate of approximately 5 ml per min. 
Three 15-ml portions of 0.3 N HCl were then passed through the column, the whole 
being received in a 500-ml iodine flask. To the nearly roo ml of eluate in the iodine 
flask, 60 ml of conc. HCl was added. The solution was cooled to room temperature 
in a cold water bath and 1 g of NaHCOs was added in small portions while swirling 
the solution in the flask. 3 g of KI was added and dissolved and the mixture let stand 
for 5 min. The iodine was then titrated with 0.1 N sodium thiosulphate without added 
indicator, the final disappearance of the iodine colour being observed against a white 
background. : 

The cobalt, copper or nickel on the column was then removed with three 50-ml 
portions of 2 N HCl and determined in any convenient manner. 

When As-Fe alloys were treated by this procedure, the iron was determined by 
precipitation with ammonia and ignition to Fe2O3. Reasonable concordance of results 
was obtained for the iron, but the values for the arsenic were erratic and the sum of 
Fe plus As was significantly less than 100°. This suggested that the As was not 
completely removed from the column by the washing sequence of Procedure I above. 
With additional washes of 0.3 N HCl, more arsenic(V) was in fact recovered from the 
column containing the Fe(III), but complete recovery was not obtained even after 
more than 300 ml of 0.3 N HCl had been passed through the column (Fig. 2). Further, 
the Fe(III) had by then begun to near the break-through point. 
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Fig. 2. Recovery of arsenic from synthetic samples containing iron(III) and arsenic(V). 


In order to establish that this failure of the HsAsOu to pass freely through the 
resin bed was due to the presence of Fe(III), synthetic samples were prepared from 
the solutions described above. 50 ml of the standard 0.1 N sodium arsenite was heated 
with 15 ml of HNO; and bromine water was added till in excess (about 20 ml); 20 ml 
of the standard ferric iron solution was then added and the whole evaporated to 
dryness, finishing on the steam bath. After twice moistening with HC and ee 
on the steam bath, the residue was taken up with 2.50 ml of 1:1 HCland about 20 m 
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of water and transferred to the calibrated separatory funnel where it was finally made 
to 50 ml with water. This gave a solution of As(V) and Fe(III) in 0.3 N HCl which was 
treated by Procedure I above. Low values were obtained for the arsenic (Table I). 


TABLE I 
RECOVERY OF ARSENIC FROM SYNTHETIC SAMPLES OF Fe(III) AND As(V) WITH STANDARD 100-ml 
WASH 
Fe(III) in As(V) in As 
sample sample found 
g g g 
0.0800 0.1874 0.1657 
0.0800 0.1874 0.1625 
0.0800 0.1874 0.1538 
0.0800 0.1874 0.1571 
0.0800 0.1874 0.1532 
0.0800 0.1874 0.1550 
TABLE II 


RECOVERY OF As(III) AnD oF As(V) FROM COLUMNS CONTAINING Fe(II) AND Fe(III) wITH STANDARD 
r10o0-ml WASH 


Fe(II) Fe(III) As As 

present present present As present As 
in in as found as found 

column column As(III) As(V) 

& g g & & & 
0.0800 0.1875 0.1875 0.1875 0.1866 
0.0800 0.1875 0.1876 0.1875 0.1874 
0.0844 0.1875 0.1875 0.1875 0.1873 
0.0844 0.1875 0.1874 0.1875 0.1873 

0.0800 0.1875 0.1875 0.1875 0.1736 

0.0800 0.1875 0.1872 0.1875 0.1721 

0.0800 0.1875 0.1875 0.1875 0.1760 

0.0800 0.1875 0.1872 0.1875 0.1740 
TABLE Ill 


RECOVERY OF ARSENIC AND IRON FROM SYNTHETIC SAMPLES CONTAINING Fe(II) anp As(III) witH 
STANDARD 100-ml WASH 


Fe(II) As(III) vie F, 

in ae e Total 
sample sample found found Recovery 

8 g g g % 
hey 0.1875 0.1875 0.0843 99.96 
0.0844 0.0937 0.0935 0.0845 99.94 
0.0844 0.0562 0.0564 0.0844 100.14 
0.0844 0.0375 0.0377 0.0844 100.16 
0.0844 0.0188 0.0189 0.0844 100.09 


Similar standard solutions containing As(V) and Fe(III) were tried on Amberlite 120 
and again, incomplete recovery of the arsenic was obtained. 
Since the method described as Procedure I above had succeeded with cobalt, nickel 


and copper, all divalent ions, the effect of reducing the iron to the divalent state was 
next tried. 
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Table II shows the behaviour of As(V) and As(IIT) on columns in which iron had 
previously been deposited. Columns containing Fe(II) permitted complete recovery 
of both As(III) and As(V); columns containing Fe(III) permitted complete recovery 
of As(III) but showed the expected incomplete recovery of As(V). ; 

Known samples were then prepared containing As(III) and Fe(II) by reducing the 
standard solution of ferric iron with SOz and adding the arsenic(III) as standard 
arsenite solution. After evaporation to dryness and adjustment to 0.3 N as before 
these solutions were then treated by Procedure I. Complete recovery of the As(III) 
was obtained (Table ITI). 

Thus, it is clear that the ion-exchange separation of pentavalent arsenic from iron 
is not possible if the iron is in the trivalent state. This specific separation, As(V) 
from Fe(III), is recommended in a recent text-book of inorganic analysis‘, the paper 
of ODENCRANTZ AND RIEMANN being cited as source. In fact, ODENCRANTZ AND RIE- 
MANN did not claim to separate As(V) from Fe(III), the only ions mentioned being 
Cu, Ca, Pb and Mg. é 

This interference by trivalent iron and not by divalent iron prompted the inclusion 
of two other trivalent ions, Al(III) and Nd(III) in the synthetic test samples. No 
interference with the ion-exchange separation in 0.3 N HCl solutions of As(V) (as 
Hs3AsOa) from Al(III) or Nd(III) was observed. 

From the foregoing, the following relatively rapid procedure was developed for 
the analysis of iron-—arsenic alloys. 


Recommended procedure for arsenic —iron alloys 

Weigh accurately into a 250-ml beaker sufficient sample to provide about 125 mg 
of As. Dissolve in 15 ml of 1:1 HNOs3 by gentle heating. Evaporate the solution to 
dryness finishing on the steam-bath. Wet the residue with about 2 ml of conc. HCl 
and again evaporate to dryness on the steam-bath. Repeat this treatment once more. 
Dissolve the residue in 5 ml of 3 N HCland sufficient water to make the volume about 
40 ml. Chill the solution in ice and water and saturate with SOz gas from a cylinder 
(Note 1). Allow the closely covered beaker to warm up to room temperature (about 
r h) and expel the excess SOz by boiling the solution on a hot plate, taking care to 
maintain the volume by adding water as necessary (Note 2). No odour of SO2 should 
be detectable above the solution at this point. Cool the solution and wash into the 
dropping funnel adjusting the final volume to 50 ml. Pass the solution through the 
column of Dowex 50 at a rate of about 5 ml per min, receiving the percolate in 
a 500-ml iodine flask. Pass 50 ml of 0.3 N HCl through the column in at least three 
portions so as to wash the funnel adequately into the column. To the 100 ml of 
solution in the iodine flask add 4g of NaHCOsa little at a time (Note 3). Observing 
the solution against a white background, titrate with 0.1 N iodine solution to the 
first detectable yellow tinge (Note 4). ait 

Elute the iron from the column with about 150 ml of 2 N hydrochloric acid and 
Jetermine it gravimetrically or by the Zimmermann-Reinhardt titration. 


Notes on the method 

(r) Sulfur dioxide is the preferred reductant as it avoids the introduction of any 
ther cation into the solution. However, in order to insure the complete reduction 
»f the arsenic(V) the SOz concentration in the solution must be maintained at sat- 
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uration’. By chilling the solution to 0° before saturating with SOz, saturation is 


maintained as the temperature rises. 
(2) If the volume is allowed to diminish appreciably, the increase in HCl concen- 


tration gives rise to the danger of loss of AsCls. ‘oe 
(3) This amount of NaHCOs provides for the neutralization of the HCl present 
and about 1.5 g in excess to maintain the desirable alkalinity for the titration. . 
(4) If there is any doubt as to the completeness of reduction, the percolate may be 
oxidized by taking to dryness with HNOs and bromine and the arsenic determined 
as in Procedure [ above. 


This procedure has been applied to numerous alloys of arsenic with iron and a 
sampling of the results obtained is given in Table IV. 


TABLE IV 


TYPICAL RESULTS OBTAINED BY RECOMMENDED PROCEDURE 


Semele Arsenic Tron Cobalt Nickel Total 
inumber % % % % % 
15 72.10 27.92 100.02 
72.14 27.88 100.02 
FM-21 57-04 42.81 99.85 
57-12 42.83 99.95 
CAF-3 76.12 9.82 13.94 99.88 
76.16 9.85 13.98 99.99 
NF-7 79.2 15-55 5.16 100.00 
79-33 15-54 5.19 100.06 
SUMMARY 


Contrary to expectation and to published recommendation it is not possible to separate Fe(III) 
quantitatively from As(V) on a cation-exchange resin. lon-exchange can however be utilised for 
the analytical separation of iron and arsenic if the iron is reduced to Fe(II) before the mixture is 
passed through the cation-exchange column. 


RESUME 


Une méthode est proposée pour Vanalyse rapide des alliages arsenic-fer. L’arsenic est séparé au 
moyen d un échangeur de cations, aprés avoir préalablement réduit le fer & I’état bivalent, la 
séparation fer(III) et arsenic(V) n’étant pas possible. 


ZUSAMMENFASSUNG 


Beschreibung einer Methode zur raschen Analyse von Eisen-Arsen Legierungen. Die Tyennaaal 
erfolgt mit emem Kationenaustauscher; Eisen muss in zweiwertiger Form vorliegen ‘ 
gen. 
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CHROMATOGRAPHIC SEPARATION OF IONS IN PRESENCE OF 
IXALATE, TARTRATE AND CITRATE, USING AQUEOUS ETHANOL 
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-omplex formation plays an important role in the chromatographic separation of 
ons as pointed out by PoLLarp et al.1;2, who observed that it was essential for the 
eparation of metal ions on filter paper. We have already studied3— the separation of 
everal ions in the presence of varying concentrations of different complexing agents 
ising aqueous alcohol as solvent. In this paper we describe the separation of metallic 
ons of the same group in the presence of oxalate, tartrate and citrate. 


EXPERIMENTAL 


solutions of the sulphates of iron, aluminium, chromium, zinc, manganese, cobalt 
ind nickel, and of the nitrates of barium, strontium, calcium, magnesium, sodium, 
otassium and ammonium, and of potassium oxalate, sodium citrate and sodium 
artrate were prepared using reagent grade chemicals and standardised by the, usual 
nethods. Ascending filter paper strip chromatography as described by Gace, 
JOUGLASS AND WENDER® was applied. Various concentrations of ethanol were 
xamined but only those which gave good results are recorded here. Series of mixtures 
vere prepared by taking equal concentrations of metals and adding varying quantities 


TABLE I 


SEPARATION OF METALLIC IONS 


Systems investigated Complexing agen! added (equivalents © uence of se poration 
N % of ethanol (sequence of separation up to which separation is possible) (Complexing agent 
°- used as solvent without adding complex- = — = ida 
ing agents) C204-2 Tart.-* Cit.-8 3 
I 75 Cr—Fe-Al as 0.35 0.48 Cr—Fe—Al 
0.16 = Al—Cr—Fe 
to 
0.20 ’ 
2 50 Co—Mn-—Zn — 0.32 0.32 see gee: 
3 TB. Zn, Ni, Mn 0.20 0.96 0.40 Only Zn is 
separated 
4 go Ca-—Sr—Ba 0.20 0.32 0.32 ec 
5 90 Mg—NHa—-K 0.32 0.32 0.32 Mane 
6 go Mg—NHy4-—Na 0.32 0.20 0.32 Mg—NH,4—Na 
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of complexing agent, the total volume being kept constant. The ratio of the total molar 
concentration of metals to the concentration of the complexing agent is mentioned 
below. The mixtures were spotted on Whatman filter paper No. 1 and the chromato- 
grams run at constant temperature in a temperature controlled room at 27°. The 
time allowed for the movement of ions was 1.5 h. In ternary mixtures, the final 
concentration of each of the metal ions was 0.033 M. 

Various mixtures [Fe(III), Al(III) and Cr(III); Zn, Mn(II), Ni and Co; Ba, Sr and 
Ca; Mg, Na, K and NHa) were studied and some of the results are summarised in 
Table I. ; 

It can be noted that the separation of Fe(III), Al(III) and Cr(III) ions is possible 
up to the addition of 0.35 and 0.48 equivalents of tartrate and citrate respectively 
as complexing agent; the sequence of separation is Cr(III)—Fe(III)—Al(III). The 
sequence of separation becomes Al(III)—Cr(III)—Fe(III) with the addition of 0.16 
to 0.20 equivalents of oxalate. The complexing agent was added to the solvent by 
previous workers but in the present work it was added to the solution of the metal 


itself. In general, for good separation of the ions, the addition of a complexing — 


agent is essential, otherwise in many cases no satisfactory separation can be obtained. 
With higher concentrations of the complexing agent than those mentioned above the 
separation is not possible. 


SUMMARY 


The separation of Al, Cr(III), Fe(III), Zn, Mn(II), Ni, Co, Ba, Sr, Ca, Mg, Na, K and NHsg in ternary 
mixtures with or without the addition of complexing agents (oxalate, tartrate and citrate) by 
filter paper strip chromatography has been studied with aqueous ethanol as solvent. 


RESUME 


Les auteurs ont effectué une étude sur la séparation des ions Al, Cr(III), Fe(III), Zn, Mn, Ni, Co, 
Ba, Sr, Ca, Mg, Na, K et NHa, en présence d’oxalate, de tartrate et de citrate, par chromatographie 
sur papier, en utilisant des mélanges eau—éthanol comme solvants, 


ZUSAMMENFASSUNG % 


Beschreibung einer Untersuchung tiber die Trennung von Al, Cr(III), Fe(III), Zn, Mn, Ni, Co 
Ba, Sr, Ca, Mg, Na, K und NH, in Gegenwart von Oxalat, Tartrat und Citrat durch Papierchro- 
matographie mit einem Wasser—Alkohol Gemisch als Lésungsmittel. 
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MICRODOSAGE COLORIMETRIQUE DU BORE DANS LES ACIERS PAR 
L’'EMPLOI DU REACTIF A L’AZOMETHINE H 


2 RECAPELLE 
Paris (France) 


(Regu le 4 octobre 1960) 


Le bore introduit dans l’acier en vue d’augmenter la trempabilité se partage au moins 
entre les trois formes différentes suivantes dont l’existence est trés généralement 
admise: une forme combinée avec l’oxygéne, une forme combinée avec l’azote, le reste 
enfin se trouvant soit a l’état dissous (état souvent dit libre), soit sous forme de com- 
binaison métallique (borure). I] est souhaitable pour le métallurgiste de pouvoir con- 
naitre les proportions de chacune de ces trois formes de bore. 

Toutes les techniques publiées procédent en fait de la maniére suivante. Aprés 
attaque de l’acier par un acide minéral étendu, généralement de l’acide sulfurique ou 
shlorhydrique a 20% ou 25% en volumes, une partie du bore passe en solution dans 
“acide, et il reste une partie insoluble qui est séparée par filtration. On a donc été 
umené empiriquement a faire une distinction entre le bore soluble et le bore insoluble 
lans les acides. 

I] résulte de l’ensemble des données de la littérature et d’études personnelles, que 
i le bore insoluble correspond assez sensiblement a la fraction du bore qui est combinée 
-l’azote, en revanche il n’apparait qu’une corrélation assez vague entre la teneur en 
yore soluble et l’augmentation de la trempabilité de l’acier. 

Lors de l’attaque de l’acier par un acide étendu, en effet, passent en solution non 
eulement le bore métallurgiquement actif du point de vue de la trempabilité (bore 
ibre ou a l'état de borure), mais encore le bore oxydé, qui est sans action sur la 
rempabilité, tandis que seul le bore combiné a |’azote reste inattaqué. 

Dans ces conditions, la teneur en bore soluble doit permettre une appréciation d'au- 
ant plus significative de l’amélioration de la trempabilité d’un acier que la proportion 
le bore oxydé est plus faible. C’est pourquoi il a été souvent constaté que la teneur 
n bore soluble se montre assez étroitement liée a l’amélioration de la trempabilite 
ans le cas des aciers ot l’addition de bore a été faite aprés désoxydation trés poussée 
u bain (calmage préalable a l’aluminium et au titane en particulier), alors quau 
ontraire il n’existe pratiquement aucune corrélation entre la teneur en bore soluble 
t l’amélioration de trempabilité, si la désoxydation préalable du bain na pu étre 
oussée aussi loin, par exemple si le calmage a été fait au moyen de siliciure de calcium. 


DOSAGE DU BORE SOLUBLE ET DU BORE INSOLUBLE DANS LES ACIERS 


e réactif A ’'azométhine H! a été appliqué au dosage du bore dans les aciers. I] oe 
écessaire que soient analytiquement éliminés différents éléments génants dont la 
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présence dans les aciers doit étre envisagée comme possible, sinon constante. Outre 
le fer, on a donc admis que doivent étre séparés les éléments suivants: aluminium, — 
titane, vanadium, zirconium, chrome, nickel, molybdéne, manganése, cuivre, etc. 


Méthode proposée 
Microdosage du bore dans les aciers apres extraction des ions génants au moyen 
d’une résine échangeuse d’ions. 


Domaine d'application 

La présente méthode de dosage convient pour les aciers dont la teneur en bore est 
inférieure A 0.0500%, c’est-a-dire ceux dans lesquels le bore est introduit pour aug- 
menter la trempabilité. La méthode pourrait cependant étre adaptée pour des aciers 
ayant une teneur en bore plus élevée, soit en prenant une prise d’essai plus faible, 
soit en prélevant un volume partiel plus faible de liqueur. 


Principe 

Apres mise en solution de l’acier par de l’acide sulfurique au quart, la liqueur 
obtenue est filtrée pour séparer le “bore insoluble’ du “‘bore soluble’’ dans les acides. 

Dosage du bore soluble. Le filtrat qui contient le bore soluble est étendu avec de 
l’eau distillée, puis passé sur une résine échangeuse d’ions du type sulfonique, afin 
d’éliminer certains ions génants dont le fer, l’aluminium, le titane, le vanadium, le 
zirconium, etc. Aprés lavage de la résine, le filtrat est neutralisé, puis concentré, 
Aprés filtration sur papier pour éliminer les derniéres traces d’éléments génants restés 
en solution, la liqueur est complétée a un volume connu. Une partie aliquote de 
liqueur est prélevée et aprés addition d’acétate d’ammonium, le pH est amené a 5.2 
avec de l’acide acétique. Le réactif a l’azométhine H est alors ajouté et la coloration 
est développée a l’obscurité. 

Dosage du bore insoluble. Le filtre qui retient le bore insoluble est incinéré en creuset 
de platine; puis le résidu est fondu avec du carbonate de sodium. Le culot de fusion: 
est remis en solution par de l’acide sulfurique au quart, et le dosage est continué 
comme pour le bore “‘soluble’’. 


Réactifs 


(z) Acide sulfurique (¢ = 1.83) au quart (1:3); (2) Solution d’hydroxyde de sodium 
2 N; (3) Acide acétique pur cristallisable; (4) Solution d’acétate d’ammonium a 500 
g/l; (5) Réactif a l’'azométhine H*: azométhine H, 6 g, acide ascorbique, 20 g, eau 
q.s.p., 11; (6) Eau distillée obtenue au moyen d’un alambic en cuivre étamé ou mieux 
d’un appareil distillatoire en silice; 4 l’exclusion d’eau désionisée obtenue par passage 
d'eau ordinaire sur des colonnes de résines cationique et anionique; (7) Solution titrée 
de bore: Solution A (xt ml = x mg de bore). Peser 5.7135 g d’acide borique cristallisé 


* L’azométhine H étant légérement hygroscopique doit étre conservé en flacons émeri soigneuse 
ment bouchés. I] est néanmoins nécessaire de sécher le produit de temps a autre, a l’étuve chauffée 
a 100-110", pendant deux heures, et de garder si possible les flacons contenant le produit dans une 
enceinte (cage vitrée, dessiccateur, etc.) dans laquelle on aura placé une substance desséchante 
(acide sulfurique concentré, actigel, etc.). Moyennant cette recommandation les résultats obten 
sont trés réguliers et reproductibles. 
L’azométhine H doit étre pesé trés exactement. 
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éché au dessiccateur a acide sulfurique. Dissoudre le produit dans de l’eau distillée 
t compléter a 1 | en fiole jaugée avec de l’eau distillée. Solution B (I ml = 0.01 mg 
le bore). Diluer au centiéme la solution précédente avec de l’eau distillée en s’aidant 
Pune fiole jaugée; (8) Résine cationique Dowex 50, X4, 100-200* (Voir remarques 
i-dessous concernant l'emploi de la résine); (9) Carbonate de sodium pur anhydre. 


Ul atéviel 


(r) Appareil pour l’attaque comprenant un ballon de 70 ml avec réfrigérant ascen- 
lant a eau relié au ballon par raccord émeri. Le ballon est muni d’un entonnoir 4 
obinet placé latéralement (Fig. 1). Dans cet appareil le ballon, le tube intérieur du 


© intérieur=19 mm 


Dowex SO 


intérieur=5 mm 


£=500 mm 


L =500mm 


Tampon de coton 


Disque perforé 
Entonnoir en plexiglas 


Record normalisé 


capacité 
Ballon de 70 mi Tube souple 
—_ en plastique 


Pince de Mohr 


‘ig. t. Appareil pour l’attaque (a gauche). Le ballon, le tube intérieur du réfrigérant, le raccord 
ormalisé et l’entonnoir sont en silice. La gaine extérieure du réfrigérant 4 eau est en verre 
ordinaire. Extracteur en plexiglas (a droite). 


éfrigérant, le raccord émeri et l’entonnoir latéral sont obligatoirement en silice; (2) 
3échers en silice de 600 ml; (3) Béchers de roo ml (de préférence en silice); (4) En- 
onnoirs pour filtres de 70 mm (de préférence en silice) (5) Fioles jaugées de 100 ml 
de préférence en silice); (6) Extracteur en plexiglass (Fig. cab aoa Ey) Filtres en papier 
ans cendres (bande bleue) de 70 mm. Avant emploi les filtres seront lavés plusieurs 
nis avec de l’acide sulfurique 4 5°% en volume, puis, a fond, a l'eau distillée; (5) 
reusets en platine de 30 ml. ; 


emarques trés invportantes 
i i é vapeur 
(a) Faire trés attention aux pertes possibles en bore par entrainement a la vap 
’eau, en milieu acide. 


Sra , Scé 2, ay éme capacité 
Ou tout autre résine du type sulfonique équivalente a la précédente, ayant me P 


(ee) A ~ “cross-li e”’, etc. 
'‘échange, méme granulométrie, méme pourcentage de cross nr Wo eet tad tae, 
* Les extracteurs que nous avons utilisés ont été construits par les Htablsss 


ue des Gravilliers, Paris (3°). 
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(b) a froid (températures inférieures & 30°), les solutions et liqueurs peuvent étre- 
manipulées sans inconvénient dans des récipients en verre boro-silicaté. Par contre, 
4 chaud il est absolument indispensable d’opérer dans du matériel en silice. Dés 45°, ; 
le verre boro-silicaté introduit des quantités de bore incompatibles avec ordre de 
grandeur des quantités a doser. C’est ainsi que acide sulfurique (d = 1.83) dilué au 
cinquiéme servant a l’attaque sera a préparer obligatoirement dans du matériel en 
silice. 

(c) Bien que la verrerie boro-silicatée puisse étre utilisée pour les manipulations 
effectuées a froid, comme il est précisé ci-dessus, il n’est pas moins vrai que l’emplo1 
d’un matériel entiérement en silice (ou A défaut en verre ordinaire exempt de bore) 
reste cependant beaucoup plus recommandable. 
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Mode opératoire 
Prise d’essai: I g + 0.001. 

(z) Introduire la prise d’essai dans le ballon en silice de 70 ml de l'appareil d’at- 
taque. Mettre en place le réfrigérant (également en silice). Par l’entonnoir latéral 
4 robinet du ballon introduire 5 ml d’acide sulfurique (d = 1.83) dilué au quart 
Fermer le robinet. Chauffer au bain-marie a 80° pour attaquer le métal. Aprés 
attaque compléte, laisser refroidir la solution. Rincer le réfrigérant avec quelques ml 
d'eau distillée, puis l’enlever. Filtrer la liqueur d’attaque sur un filtre sans cendres 
(bande bleue) de 70 mm. Recevoir le filtrat dans un bécher en silice de 600 ml. Rincer 
le ballon et laver le filtre avec environ 150 ml d’eau distillée. Compléter le volume 
du filtrat 4 250 ml avec de l'eau distillée et mettre de cété le filtre qui retient le “‘bore 
insoluble’. 


(A) Dosage du “bore soluble’ 


(2) Verser avec précaution la liqueur précédente dans l’entonnoir d’un extracteur 
en plexiglass préalablement garni avec 150 ml* de Dowex 50, X4, 100-200. Disposer 
un bécher en silice de 600 ml sous l’extracteur, et ouvrir le robinet inférieur de l’ex 
tracteur de fagon que le débit d’écoulement soit de 2-3 ml/min. 

(3) Quand les derniéres portions de liqueur surnageante affleurent le niveau 
supérieur de la colonne de résine, verser immédiatement avec précaution dans ler 
tonnoir de l’extracteur 250 ml d’eau distillée et maintenir le débit d’écoulement A la 
méme valeur que précédemment. 

(4) Aprés écoulement complet des eaux de lavage, enlever le bécher, et neutralise 
le filtrat en versant goutte a goutte une solution d’hydroxyde de sodium 2 N (essai 
a la touche en présence de phénolphtaléine ou d’un papier de tournesol). 

(5) Evaporer doucement la liqueur (éviter I’ébullition) sur plaque chauffante e 
concentrer jusqu’a un volume de 50 ml environ. Laisser refroidir. 

(6) Filtrer la liqueur sur filtre sans cendres (bande bleue) de 70 mm, l’entonnoil 
qui porte le filtre étant disposé au-dessus d’une fiole jaugée de 100 ml. Rincer le béchel 
et laver le filtre avec le minimum d’eau distillée. Compléter le volume du filtrat 4 
100 ml avec de l’eau distillée. Agiter. 

(7) Prélever 50 ml de cette liqueur et introduire ce volume dans un bécher de 100 
Ajouter ro ml de solution d’acétate d’ammonium a 500 g/l. Ajuster le pH a 5.2 ave¢ 


C e qui corre pond trés ensiblement a Il Tammes d 1 
; “4 res é Ss 18) e résine humi e essoree ento ] 
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le l’acide acétique. (Contrdle a |’électrode de verre). Transvaser la liqueur dans une 
iole jaugée de 100 ml. Rincer le bécher avec quelques ml d’eau distillée. Ajouter 10 ml 
le réactif a l’azométhine H et compléter le volume & 100 ml avec de Veau distillée. 
Agiter. Laisser la coloration se développer pendant 18 h A lobscurité, 4 une tempéra- 
ure de 20° + 5°*. 


(8) Mesurer la coloration, 4 415 my, par rapport a celle du terme zéro de la gamme 
’étalonnage. 


lracé de la courbe d’étalonnage du ‘‘bore soluble’’ 


Dans une série de béchers en silice de 600 ml verser 5 ml d’acide sulfurique (d = 1.83) 
lu quart, puis: 0, I, 2, 3, 4, 5... 10 ml de solution B de bore, correspondant a: 
), 0.0010, 0.0020, 0.0030, 0.0040, 0.0050 . . . 0.0100% de bore dans l’acier pour une 
prise d’essai d’un gramme. Diluer chacune des solutions a 250 ml avec de l’eau dis- 
illée et passer chacune d’elles 4 travers 150 ml de Dowex 50, X4, 100-200 contenu 
lans un extracteur identique a celui utilisé pour les essais. Puis continuer comme 
our les essais et mesurer la coloration de chacun des termes, 4 415 my, par rapport 
i celle du terme zéro de la gamme. 


(B) Dosage du “bore insoluble’ 


(2’) Sécher le filtre qui a été mis de cété aprés séparation du “‘bore soluble’’, puis 
‘introduire dans un creuset en platine de 30 ml. Ajouter sur le filtre 0.500 g de 
-arbonate de sodium anhydre. Chauffer avec précaution pour incinérer le filtre, puis 
lugmenter progressivement le chauffage pour fondre la masse et atteindre une tem- 
yérature de 800-1000° qu’on maintient pendant 15 a 20 min. Remuer doucement le 
reuset pendant ce temps en le tenant avec une pince. Retirer le creuset du feu et le 
aisser refroidir. 

(3’) Placer le creuset dans un bécher en silice de 600 ml. Ajouter 10 a 15 ml d’eau 
listillée et 5 ml d’acide sulfurique (d = 1.83) au quart. Laisser digérer pendant 
juelques heures (une nuit si possible). Enlever le creuset a l'aide d’une pince et le 
aver soigneusement a l’eau distillée. Diluer la solution 4 250 ml avec de l'eau distillée. 

(4') Passer la solution a travers 150 ml de Dowex 50, X4, 100-200 dans les mémes 
onditions que pour le dosage du bore soluble; laver la résine avec 250 ml d’eau distillée. 
Jeutraliser le filtrat avec la solution d’hydroxyde de sodium 2 N. Concentrer la 
iqueur a 50 ml environ; filtrer et continuer comme pour le dosage du “bore soluble’. 
fesurer la coloration finale par rapport au terme zéro de la gamme d’étalonnage. 


‘vacé de la courbe d’étalonnage du ‘bore insoluble” 


Dans une série decreusetsen platine de 30 mlintroduireo, 1, 2,3, 4... 10 ml de solution 
; et correspondant a: 0, 0.0010, 0.0020, 0.0030, 0.0040... 0.0100% de “bore insolu- 
le’’ pour une prise d’essai d’un gramme d’acier. Ajouter 1 goutte de solution d’hydro- 
yde de sodium 2 N (2). Evaporer a sec au bain-marie. Puis introduire dans chaque 
reuset un filtre de 70 mm identique A celui utilisé pour les essais. Ajouter 0.500 § de 
irbonate de sodium anhydre. Chauffer avec précaution pour incinérer le filtre, puis 


L’intensité de la coloration est assez sensible A l’influence de la température. Si a pas 
récédentes ne peuvent étre respectées, il vaut mieux tracer une nouvelle gamme ¢ : mst 
ont la coloration aura été développée 4 la méme température que celle des essais ‘ ‘ 
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—_ 


augmenter progressivement le chauffage pour fondre la masse et atteindre une tem- © 
pérature de 800°-1000° qu’on maintient pendant 15 4 20 min environ. Remuer 


doucement le creuset en le tenant avec une pince. Puis continuer comme pour le 
dosage du “bore insoluble’’ (voir ci-dessus). Développer finalement la coloration dans 
les mémes conditions que celles indiquées précédemment, et mesurer la coloration de 
chacun des termes de la gamme, a 415 mu, par rapport a celle du terme Z€L0. 


Remarque. En principe les deux courbes d’étalonnage du “bore soluble’’ et du “bore 
insoluble’ sont identiques. 


Remarques importantes concernant l’emplot de la résine 


(r) Sila résine est neuve, elle doit subir avant tout emploi le traitement préliminaire 
suivant qui est trés important: 

(a) Epuisement par de l'acide chlorhydrique au tiers. Pour 500 g de résine humide 
placée dans un bécher de 2 1, ajouter 700 ml environ d’acide chlorhydrique (¢ = 1.19) 
au tiers. Agiter mécaniquement pendant une heure, puis laisser reposer. Décanter 
l’acide et le remplacer par un méme volume d’eau distillée. Agiter mécaniquement 
pendant quelques minutes pour laver la résine, puis laisser reposer et éliminer l’eau de 
lavage par décantation. Ajouter 4 nouveau 700 ml environ d’acide chlorhydrique (d = 
1.19) au tiers et continuer comme ci-dessus. Recommencer 15 fois de suite ce méme 
traitement, au bout duquel l’acide doit étre presque incolore. ; 

(b) Traitement alterné au chlorure de sodium et a Vacide chlorhydrique. Aprés le 
dernier lavage a ]’eau distillée, verser sur la résine un litre environ de solution de chlo- 
rure de sodium a 30 g/l. Agiter mécaniquement pendant une heure. Puis laisser re- 
poser. Vider par décantation la solution qui surnage et la remplacer par un litre d’eau 
distillée. Agiter mécaniquement pendant quelques minutes pour laver la résine. Puis 
laisser reposer. Décanter l’eau qui surnage et la remplacer par un litre environ d’acide 
chlorhydrique (d = 1.19) au tiers. Agiter mécaniquement pendant une heure, puis 
laisser reposer. Vider par décantation l’acide qui surnage et le remplacer par un litre 
environ d’eau distillée. Agiter mécaniquement pendant quelques minutes pour laver 
la résine, puis laisser reposer. Recommencer deux autres fois le traitement alterné 
précédent au chlorure de sodium et a l’acide chlorhydrique. En fin d’opération et 
avant emploi la résine est lavée a fond a l’eau distillée, puis filtrée et essorée a la trompe 
sur entonnoir de Buchner. 

(2) Garnissage del’ extracteur. (a) Dans une éprouvette de 250 ml contenant 100 ml 
d’eau distillée introduire par petites portions successives une quantité de résine telle 
que son volume soit sensiblement égal 4 150 ml (ce qui correspond & 110 g environ 
de résine humide). 

(0) Faire passer peu a peu ce volume de résine dans l’extracteur en l’entrainant par 
un courant d’eau distillée. Faire trés attention 4 ne pas entrainer de bulles d’air au 
sein de la masse de résine introduite dans l’extracteur. 

(c) Quand la totalité de la résine a été introduite dans Vextracteur, attendre 
quelques minutes pour que la résine se tasse légérement et prenne sa place. Puis 
éliminer l'excés d'eau qui surnage en ouvrant légérement le robinet d’écoulement de 
] extracteur. Arréter V'écoulement quand le niveau de l’eau dépasse de 5 mm environ 
le niveau supérieur du lit de résine. 


(3) Régénération de la résine aprés emploi. Bien que cette opération puisse étre 
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ffectuée directement dans l’extracteur, il est cependant préférable de la réaliser 
lans un bécher en opérant de la facon suivante: (a2) Verser 30 ml environ d’eau 
listillée dans le réservoir de l’extracteur. Secouer I’ appareil pour mettre en suspension 
a partie supérieure du lit de résine. En renversant rapidement le réservoir au-dessus 
Vun bécher de 2 1, on fait passer dans ce dernier une partie de la résine contenue dans 
“extracteur. On répéte plusieurs fois de suite cette opération et on arrive ainsi a faire 
Dasser peu a peu toute la résine dans le bécher. 

(0) Quand ce résultat est atteint, laisser la résine se déposer pendant quelques 
ninutes, puis décanter avec précaution l’eau qui surnage. 

(c) Verser sur la résine environ 500 ml d’acide chlorhydrique (d = 1.19) au tiers. 
Agiter mécaniquement pendant 30 min, puis arréter l’agitation et laisser la résine se 
léposer. Décanter l’acide qui surnage et le remplacer par un méme volume d’acide 
shlorhydrique (d = 1.19) au tiers. Recommencer 6 fois de suite ce méme traitement. 

(d) Aprés quoi la résine est lavée a fond six fois de suite avec 500 ml d’eau distillée 
1 chaque fois. On opére comme pour le traitement a l’acide en remplacant simplement 
selui-ci par de l’eau distillée. La résine traitée est préte pour un nouvel usage. 

(4) Si la résine n’est pas utilisée immédiatement elle doit étre conservée a |’état 
numide et de préférence sous de l’eau distillée rendue légérement chlorhydrique. 
comme la plupart des résines cationiques cédent au bout d’un certain temps une 
petite quantité de matiére soluble colorée en jaune dans l'eau distillée, il est alors 
nécessaire de relaver a fond la résine a l’acide chlorhydrique au tiers, puis a l’eau dis- 
tillée au moment de s’en servir. 

A titre d’exemple, la Fig. 2 représente la courbe d’étalonnage obtenue pour le 
bore soluble et le bore insoluble, avec le Spectrophotométre Jean et Constant, en 
puves de 2 cm)aeA = 4T5 my. 


Mg de Bore 


100; 


Divisions photométriques 
70 90 ae) 


10 30 50 
Fig. 2. Courbe d’étalonnage avec le réactif a l’azomeéthine H. 


/évification de la méthode 
‘La vérification de la méthode a été effectuée d’une part a l'aide de divers aciers- 
talons, dont la teneur en bore total avait été déterminée par spectrographie, 
es uns d’origine anglaise de la série des British Chemical Standards (BCS), les autres 
l’origine américaine, étalonnés par le Bureau of Standards. 
L’ensemble des résultats obtenus avec ces aciers-étalons se trouve résumé dans le 


fableau I. 
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TABLEAU I 
Résultats obtenus avec la méthode proposée 
Teneur en 
bore total Teneur en bore Teneur en bore Teneur en bore 
annoncée soluble insoluble total 
(%) % ) (%) %/) 
Acier-étalon (BCS) 
SOLE 0.010 0.0063 0.0039 0.0102 
Sor 0.004 0.0032 0.0006 0.0038 
S$S13 0.002 0.0024 0.0004 0.0028 
0.0023 0.0005 0.0028 
SS14 0.009 0.0089 0.0009 0.0098 
0.0082 néant 0.0082 
0.0085 (moyenne) 0.0005 (moyenne) 0.0090 (moyenne) 
SS15 <0.001 0.0006 0.0002 0.0008 
SS16 0.005 0.0025 0.0025 0.0050 
SS17 <0.001 0.0007 0.0008 0.0015 
0.0006 0.0010 0.0016 
Acier-étalon (Bureau of Standards) 
425 0,0006 0,0003 0.0005 0.0008 
420 0.0011 0.0008 0.0005 0.0013 
428 0.0059 0.0036 0.0020 0.0056 
429 0.0091 0.0050 0.0044 0.0094 
430 0.0190 0.0116 0.0072 0.0188 
TABLEAU II 
Oradea Dosage du bore par Dosage du bore par 
i Pe iachiote la quinalizarine Vazométhine H 
Acier 
No. Stes Bore _ Bore Bore Bore _ Bore Bore 
Pacis soluble insoluble total soluble insoluble total 
(%) (%) (%) (%) (%) (%) 
1301-2 Grainal 79 0.0020 0.0005 0.0025 0.0017 0.0006 0.0023 
1301-3 d° 0.0015 0.0005 0.0020 0.0014 0.0003 0.0017 
1301-4 (ale 0.0013 0.0002 0.0015 0.0012 0.0003 0.0015 
1301-5 ti be 0.0005 0.0003 0.0008 0.0004 0.0003 0.0007 
1328 d° 0.0018 0.0001 0.0019 0.0021 0.0001 0.0022 
1331 d° 0.0013 0.0002 0.0015 0.0012 0.0001 0.0013 
1340 d° 0.0023 0.0001 0.0024 0.0023 0.0001 0.0024 
1383-2 teh 0.0013 0.0005 0.0018 0.0010 0.0002 0.0012 
1383-3 a? 0.0005 0.0004 0.0009 0.0004 0.0002 0.0006 
1383-4 d° 0.0001 0.0003 0.0004 0.0002 0.0004 0.0006 
1383-5 d° 0.0001 0.0003 0.0004 0.0002 0.0003 0.0005 
1388-2 Manganése 0.0035 0.0044 0.0079 0.0032 0.0036 0.0068 
bore 4 20% 
1388-4 d° 0.0015 0.0020 0.0035 0.0015 0.0022 0.0037 
1397-2 Grainal 79 0.0010 traces 0.0010 0.0010 0.0002 0.0012 
1400-2 d° 0.0010 0.0002 0.0012 0.0010 0.0003 0.0013 
1421-4 Laitier 0.0028 0.0022 0.0050 0.0020 0.0027 0.0047 
boraté 


Ce tableau montre que la teneur en bore total trouvée pour les divers aciers-étalons 
avec la technique propos¢e correspond en général bien a celle qui est annoncé sur les 
certificats d’analyse. 

Seuls les résultats trouvés pour les deux aciers-étalons anglais SS13 et SS17 
semblent quelque peu élevés; puisque pour des teneurs en bore total annoncées 
respectivement comme égale 4 0.002% et inférieure a 0.001%, il a été trouvé, par des 
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ssais faits en double: 0.0028% et 0.0015°%; encore faut-il noter que les certificats 
l’analyse indiquent seulement les unités de la troisiéme décimale, et ne font nullement 
nention de la quatriéme. 

D’autre part, la vérification de la méthode a également été effectuée a l’aide d’un 
-ertain nombre d’aciers dont la teneur en bore soluble et en bore insoluble avait été 
léterminée par la quinalizarine. Les résultats obtenus figurent dans le Tableau IT. 

A signaler, que les résultats trouvés par la méthode a la quinalizarine d’une part, 
st par la méthode a l’azométhine H d’autre part, ont été obtenus en partant de pré- 
évements effectués en deux points différents d’une méme barre d’acier laminé, Les 
lifférences observées entre les chiffres obtenus par chacune des deux méthodes 
vont rien d’exagéré: elles sont du méme ordre de grandeur que les différences nor- 
nalement observées dans la répartition du bore dans la masse d’acier. On peut donc 
idmettre que les chiffres trouvés par l’une ou l'autre des deux méthodes sont prati- 
juement identiques. 


Remar ques 


(1) Autre technique envisagée. Une technique ne faisant pas appel a séparation sur 
ésine échangeuse d’ions avait été envisagée. Son principe était le suivant: aprés mise 
n solution de l’acier par de l’acide sulfurique (d = 1.83) dilué au cinquiéme, puis 
iltration, le filtrat est d’abord électrolysé dans une cellule a cathode de mercure, en 
ilice. Puis, aprés traitement de la liqueur d’électrolyse par la dithizone et par l’oxine, 
e ‘bore soluble’’ est finalement dosé par le réactif a l’azométhine H. 

Pour le “bore insoluble’’, aprés incinération du filtre qui retient le “bore insoluble’, 
duis fusion avec du carbonate de sodium, et remise en solution acide, le traitement 
. la dithizone et a l’oxine est effectué, et finalement le “bore insoluble’’ est dosé par 
a réaction a l’azométhine H. 

Cette technique s’est montrée a l’expérience assez peu fidéle, une perte de 20% 
n bore pouvant étre observée. Pour cette raison elle ne sera pas développée ici. 

(2) Remarques concernant l'emploi de la verrerie boro-silicatée et le chauffage des 
olutions contenant du bore. Au cours de la présente étude des essais ont été effectués 
your déterminer dans quelle mesure la verrerie boro-silicatée peut étre utilisée, et, 
i par chauffage des solutions contenant du bore, il se produit réellement une perte en 
yore entrainée par la vapeur d’eau. 

Les conclusions de ces observations sont les suivantes: A froid, en milieu acide méme 
oncentré, le verre boro-silicaté ne céde pas de bore aux solutions. Du matériel en 
rerre boro-silicaté peut donc étre envisagé pour la manipulation a froid des solutions. 
ar contre, par chauffage, il introduit dés 45-50° des quantités de bore absolument 
srohibitives (plusieurs microgrammes). Du matériel en silice ou en verre rigoureuse- 
nent exempt de bore doit donc étre recommandé. Par chauffage, une quantité assez 
mportante de bore peut étre perdue par entrainement a la vapeur d’eau si le pH de 
1 solution boratée que l’on évapore est franchement acide (pH < 3.7); en revanche 
‘expérience a montré que la perte est nulle si le pH est > 4.9. Il est donc conseillé 
le ne chauffer les solutions acides contenant du bore que dans des récipients en silice 
t sous réfrigérant a reflux. 


DISCUSSION 


(r) La distinction classique du bore soluble et du bore insoluble étant loin d’étre 
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satisfaisante pour l’aciériste, il a été recherché une voie tendant a doser sélectivement 
la partie du bore soluble qui est combinée au métal sous forme de borure, seul actif 
sur la trempabilité, a l’exclusion du bore sous forme d’oxyde. 

Le dosage des inclusions par la méthode a l’iode alcoolique?-¢ pourrait a la rigueur 
donner une mesure du bore oxydé, qu’il suffirait de retrancher du chiffre trouvé pour 
le bore soluble (bore des borures, plus bore oxydé) pour obtenir le bore a 1’état libre 
ou a l’état de borure. Il résulte en fait de plusieurs mesures effectuées par cette 
méthode de séparation, le bore étant dosé par la méthode a l’azométhine H, que des 
résultats nets ne peuvent pas étre retenus comme valables pour mesurer le bore actif. 

(2) Des essais tendant a dégager, par attaque en milieu acide et anhydre le bore 
des borures (bore actif) 4 l’état de borane, se sont soldés par un échec; ce n’est pas — 
surprenant, vu l’extréme aisance avec laquelle les boranes s’oxydent et s’hydrolysent. 

Force est donc d’en rester a la notion classique de bore soluble et de bore insoluble, 
avec toute l’imprécision que comporte le premier quant a l’action de ce bore sur la 
trempabilité de l’acier. 


RESUME 


Le dosage du bore soluble et du bore insoluble dans les aciers est traité au moyen d’une séparation | 
préalable sur résine échangeuse d’ions, suivie de l’application de la réaction colorimétrique a l’azo- 
méthine H. 


SUMMARY 


A method is described for the determination of soluble and insoluble boron in steels based on 
preliminary separation with ion-exchange resin and colorimetric determination by means of 
azomethine-H. 


ZUSAMMENFASSUNG 


Beschreibung einer Methode zur Bestimmung von léslichem und unléslichem Bor in Stahlen durch 


Behandlung mit einem Austauscherharz und colorimetrische Bestimmung des Reaktionsproduktes 
mit Azomethin H. 
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INTRODUCTION 


during the course of a comprehensive research programme aimed at a better under- 
tanding of the controlling factors in the dissolution of natural silicates and the 
srmation of secondary products in aqueous solution under normal temperature and 
ressure conditions, it became necessary to undertake a large number of determi- 
ations for both soluble and total silica. A brief survey of the literature revealed a 
irge number of analytical methods based upon the formation of silicomolybdate 
omplexes. As routine analyses proceeded, it became clear that lack of understanding 
f controlling factors and the mechanism of formation of these complexes prevented 
ny adaptation of the method to suit the circumstances and still obtain reliable results. 
cordingly, an intensive search of the available literature was undertaken, accom- 
anied by detailed experimental work, to determine the optimum operating conditions. 
tandard commercial reagent-grade chemicals were used throughout, and hence no 
reat accuracy is claimed for the results presented; moreover, the substance of this 
aper is only a side-issue of a much more comprehensive project. Inasmuch as geo- 
gical work is now making increasing demands upon chemical and physical tech- 
iques, it is felt desirable to record the results obtained. 


ilica in aqueous solution 

Silica in “‘solution’’ exists in a number of different forms: in the pH range 1-8 and 
1 concentrations less than about 110-140 p.p.m., the stable form is the monomeric 
olecule Si(OH)41; above pu 9 the solubility of amorphous silica rises sharply due 
» the formation of the silicate ion, thus: 

Si(OH)4 + (OH)- > SiO(OH)s- + H20 

he silicate ion will exist in solution together with Si(OH)4. At very low pH solubility 
' silica may be increased by acids, such as HF to form silicofluoride anions. In 
lutions more concentrated than 110-140 p.p.m. SiOz, polymerization occurs giving 
se to polysilicic acids, and ultimately a colloid, gel, or a precipitate. Polymerization 
two Si(OH), molecules may lead to the formation of dimeric silicic acid where each 
the two silicons is surrounded octahedrally by 6 OH ions; further polymerization 
ill lead to the formation of trimeric silicic acid, whilst condensation and elimination 
water will lead to branched-chain and ring polymers?. Continued increase in size will 
ve rise to the formation of colloidal particles and, under suitable conditions, a gel. 
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ILER? states that monosilicic acid is most stable at a pH of 1-3, and least stable. 
between pH 5 and 6. According to ALEXANDER® monosilicic acid in 0.1 M solution at 24 
polymerizes almost instantly at pH 6, and is most stable at pH 3.2; the polymerization 
below pH 3.2 is a third order reaction, giving linear or openly branched polysilicic acid 
chains, whilst above pH 3.2 the polymerization is a second order reaction and depoly- 
merization —polymerization rearrangement of polymers gives rise to cyclic or cross 
linked polymers. ALEXANDER also stated polysilicic acid diluted to 40 p.p.m. de- 
polymerizes at room temperature at a pH of 1.0, but the rate is slow compared with 
the rate of polymerization. The rate of polymerization at room temperature of poly- 
silicic acid is approximately proportional to the square of the concentration of silica4. 


Reaction of silica with molybdic acid 

DIENERT AND WANDENBULCKE? in 1923, and HARMON® in 1927, showed that onl 
“soluble” silica will react with molybdic acid to form a yellow silicomolybdate 
complex, and that colloidal silica is unreactive. This reaction has been the basis of 
very many colorimetric methods for the quantitative determination of silica, either 
by measurements of the intensity of the yellow silicomolybdate complex or the re- 
duced blue complex. This reaction was further clarified by WEITz, FRANK AND 
ScHUCHARD? who demonstrated that monomeric silicic acid will react completely in 
about 75 sec, disilicic acid in about ro min, whilst higher polymers take even longer. 
This reaction has been confirmed by ALEXANDER® and RICHARDSON AND WADDAMS?® 
although, as seen. later, it is only true under certain experimental conditions. 

In 1952 STRICKLAND!° published a series of three papers in which he demonstrated 
that there exists at least two forms of silicomolybdic acid in solution, both having 
the formula Ha(SiMoi2O40) and both yellow in color, but having quite different 
light-absorbances. The stable form was designated as «-silicomolybdic acid which is 
the predominant form in solutions acidified with up to 1.5 equiv. of acid per mole 
MoO, °. The other form, f-silicomolybdic acid, is formed in quantity when more than 
1.5 equiv. of acid per mole MoO,-? is present, and the yellow complex has an absorb 
ance of about twice that of a-complex. The f-acid changes spontaneously to the 
a-form, a change which is hastened when the pH is raised above 2.5, by heating 
and in the presence of excess electrolyte. The change is retarded, even under the latter 
conditions, when molybdate is present in excess of that required to react with silica 
STRICKLAND! suggested that the B-acid is an unstable polymer of the x-acid, the 
setae B to x change having the characteristics of an irreversible depolymeri- 
zation. . 

Published analytical methods for the determination of silica have been based upon 
the formation of the f-acid, although there have been two recent methods!1-12 based 
upon the formation of the ~-complex. Despite StRICKLAND’s!° detailed investigation 
of the conditions of formation of silicomolybdic acids, his work has been largely 


y 


ignored or apparently misinterpreted. Most published data place great emphasis upon 


rv conditions to be considered when designing an analytical method 
for silica to suit particular circumstances are also outlined. 
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EXPERIMENTAL RESULTS 


has been asserted by R1incBom ef al." that pH is the major variable determining 
> development of the yellow silicomolybdate complexes; these writers published 
absorbance-—pH curve showing a plateau of constant absorbance values between 
2 and 4 which they equated with formation of «-silicomolybdic acid. The initial 
periments were designed to compare the results obtained by RrncBom ef al., who 
»d monochloracetic acid as the acidifying agency, with results obtained when using 
phuric acid. The same concentration of ammonium molybdate recommended by 
NGBOM et al. was used, and the change in absorbance was measured at intervals 
2 min to 96 h over the pH range 0.5 to 5.5. 


Method 


| aliquot of standard SiOz solution in a 50-ml volumetric flask was acidified with 
suitable mixture of either sulphuric acid and ammonium hydroxide, or mono- 


Absorbance 


be L (peste pees ee 
as | Z 3 4 5 


pH 


. 1. Variation of absorbance of silicomolybdate solutions due to pH and time, and Sacer 

esults obtained with monochloracetic acid and sulphuric acid. A, solutions acidified by oe ae 

M monochloracetic acid and ammonium hydroxide. B, solutions acidified by ag hs z 

yhuric acid and ammonium hydroxide. absorbance measured a min a ise i patie 

tion; O—— 0 absorbance measured 10 min after start of reaction; hore Bs pepe 

sured 5 h after start of reaction; e —-——-—e absorbance measured 24 h Lape start of re } 
Ointicta © absorbance measured 48 h after start of reaction. 
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chloracetic acid and ammonium hydroxide. This was diluted to about 35 ml with 
distilled water; 10 ml of ammonium molybdate 0.2 M with respect to MoO.a-? was 
added (0.04 M strength in reaction), and then diluted to volume with distilled water. 
The reaction was timed from the addition of ammonium molybdate solution, and the 
absorbance in this series of experiments measured on a Beckman Model B spectro-~ 
photometer at a wavelength of 400 mu. 

Some of the results obtained in this comparative series of experiments are recorded 
in Fig. r. The main conclusions to be noted at this stage are: 

rt. When sulphuric acid is used, maximum absorbance is attained within Io min 
over the pH range 0.75 to 4.25 (within 2 min at pH 1.75 to 2.25), thereafter decreasing 
to the same constant value over a period of 48 h, the decrease being most rapid in 
the more acid range. Above pH 4.75 values increase with time, very slowly above pH 
5.0; below pH 0.75 absorbance either continues to increase up to 5 hand then decreases 
or, at pH 0.5, continues to increase with time. 

The maximum values (corresponding to the formation of predominantly /-silicomo- 
lybdic acid) occur between pH I.0 and 2.5, but with no well defined plateau of constant 
values; the low plateau observed after 10-min reaction time between pH 3.75 and 4.25 
probably corresponds to the formation of dominant «-silicomolybdic acid, all higher 
values at higher acidities tending to decrease to this level, and all lower values at 
lower acidities tending to increase to this level. 

2. Whereas the same general pattern is discernible when monochloracetic acid is 
used, there is one important difference: the whole curve is shifted towards lower pH 
values compared with that obtained with sulphuric acid. Moreover, the rates of 
formation and decay of the complexes at any particular px differ compared with the 
sulphuric acid reaction. 

Clearly, pH is not entirely responsible in determining the formation of the silico- 
molybdate complexes; the acidifying agency itself appears to affect the rate of 
formation of the complexes, and the relative amounts of «- and f-silicomolybdic acid 
at any particular pH. The remainder of the experiments described and reported below 
were aimed at understanding better the factors controlling the formation of these 
complexes. All these subsequent experiments were performed with a Beckman Model 
DU spectrophotometer at a wavelength of 400 my and constant slit width of 0.04 mu. 


Variation in absorbance depending upon concentration of ammonium molybdate, and pH 
of stock solution of ammonium molybdate 

The effect upon the rate of formation and the relative amounts of «- and f-silico- 
molybdic acid over a pH range of 0.5 to about 5.0 caused by variation in the concen- 
tration of molybdate and the px of the stock solution, was investigated for concen- 
trations of ammonium molybdate from 0.01 M to 0.1 M with respect to MoQ4-? in 
the reaction. It was found that unless the pH of the stock solution was kept above about 
7.0,reproducible results were not obtained using ammonium molybdate solutions more 
than 12 h old. Solutions which had a pu of greater than 7.0 (pH adjusted with NaOH) 
gave reproducible results for at least one week after preparation. 

Partial results of these determinations are shown in Fig. 2 from which it is clear 
that the most useful concentration is 0.06 M with respect to MoO,- in reaction, the 
stock solution being at a pH of about 7.0. With this concentration of animnontit 
molybdate, complete reaction within two minutes to give the same absorbance value. 
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occurs over the pH range of 1.1 to 1.6 (corresponding to the addition of 5.0 to 2.7 
equiv. of acid per mole MoO.-2), whilst complete reaction to give a constant absorb- 
ince in IO min occurs in the pH range 0.9 to 1.6 (corresponding to 6.7 to 2.7 equiv. 
of acid per mole MoO,~2). Variation in concentration of molybdate when considered 
n relation to pH exerts a considerable effect upon the absolute value of absorbance 
1ttained in a given time and, whereas the px of the stock solution affects the absolute 
value, its greatest effect is upon the rate of formation of the silicomolybdate complexes. 


0.38; 0.38 
C -O— O—Og- 
ST) C7 pear as ee 
“~e A 
§ 0.3 £50536 
: pees 
3 3 0.35 ; 
sae Z : 
a < \ 
0.34 0,34 B \ 2 
ee ts 
Cc 
L ——h fe 1 t — J OL33 1 1 L 1 al | ee 
. ae 6 1 4 3) 2 | a e) mf 6 5 4 3 2 | - 0 
Equivalents H,SO, per mole MoO, Equivalents H3SQ, per mole MoO, 
0.38 0.38 
0-0 Oso e 
0 e---e ~~» 
0.37F 037} z 6 
o 
8 = 0,36- 
% 0.36 S 0. 
c i 3g 
i i 
i 2 0.35+ 
S$ 0.35+ a": | 
a : s “ 
* ©. 
0.34-F (S ape 0.34 D : 
; Ee 
— 1 a ait —{— 1 0.33 1 +. es as L ees ts 
ee ne 15 2.0 2.5 1.0 is, 20 2.5 
pH ) 


‘ig. 2. Comparison ‘of the variation in absorbance of silicomolybdate solutions with acidity and 
ime due to variation in the concentration of molybdate. Sulphuric acid is used to acidify, and the 
esults are shown as a function of both pH and equivalents of acid per mole MoO,~?. 7 G06 ‘et 
vith respect to MoO4~? in reaction. Stock solution 0.3 M, pH 7.3; O—— 0 0.06 M with oes 
0 MoO,~? in reaction. Stock solution 0.3 M, pH 6.2; ©...... © 0.04 M with ley to MoOa? 
1 reaction. Stock solution 0.2 M, pu 5.2; e-~—~—~—e 0.03 M with respect to MoO4~* in Senda 
tock solution 0.5 M, pH 5.2. A, absorbance measured 2 min after start of reaction. B, joa bance 
1easured 10 min after start of reaction. C, absorbance measured 2 min after start of reaction. 
' DD, absorbance measured ro min after start of reaction. 


‘ariation in absorbance due to sulphuric and hydrochloric acids ge 

Two series of experiments over a pH range of 0.5 to 5.5 were run using I N H2504 
nd 1 N HCl respectively. In such series various strengths ammonium molybdate 
vere used, and results for 0.3 M stock solution at pH 7.3 (0.06 M in reaction me 
espect to MoO,~2) are recorded in Figs. 3 and 4. In Fig. 3, where rea? *y 
lotted against pH, it is seen that the absorbance at any pH Is greater for the ue 
sries compared with the HzSOu series, a difference which becomes me heed y 
elow a pH of 1.0. Although the pattern of the curve for H2504 sina ae i suey . 
1e plateau of high values for HCl is displaced to the acid side compared with FasUs. 
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In Fig. 4 the absorbance is plotted against equiv. of acid per mole MoOa~®. The 
absorbance after 10 min shows no significant difference between HCl and H2SO4 
until more than 1.5 equiv. acid per mole MoO4~® have been added; at higher concen- 
trations of acid the absorbance for HCl attains a constant greater value than for 
corresponding concentrations of H2SOx4. The absorbance values for HCl in the plateau 
area show a small variation, and are not as consistent as those obtained with H2SOs. 
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Fig. 3. Comparison of the variation in absorbance of sili i 
ison varia icomolybdate solutions due to sulphuri 
and hydrochloric acid as acidifying agencies. Absorbance shown as a function of pH. A abeorkeel 
measured 10 min after start of reaction. B, absorbance measured 2 min after start of reaction 
o- @ acidified with H2SO4; O ——— 0 acidified with HCl. 


DISCUSSION 


Variation in pH is clearly an important, but not an exclusively responsible, factor i 
the variation in the development of yellow silicomolybdate complexes This, variatio 
is due to the effect of pH upon the state of the molybdate ions and tab pointed ow 
by MULLIN AND RILEy!}3, the rate of formation of silicomolybdate is de endent upor 
the degree of polymerization of molybdate from which it is formed : 
RINGBOM et al. quoted Linpgvist!4 as saying that MoO4~2 ions are stable at p: 
greater than 6.5, that around pH 4.5 paramolybdate ions (Mo7Oea~8) are formed whic 
are transformed into octomolybdate ions (MogOz6~4) at a pH of 1.5 to 2.9 RINGBON 
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et al.11 believed that the low-absorbance «-acid is formed from the paramolybdate ion 

and the high-absorbance B-acid from the octomolybdate ion. STRICKLAND 10 suggested 
that concentration must be considered together with acidity: thus, at suitable 
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‘ig. 4. Comparison of the variation in absorbance of silicomolybdate solutions due to sulphuric 

nd hydrochloric acid as acidifying agencies. Absorbance shown as a function of equivalents acid 

yer mole MoO,~-2. A, absorbance measured to min after start of reaction. B, absorbance measured 
2 min after start of reaction. O——— © H2S01; e e HCl. 


2 


cidities, and.solutions more dilute than 0.01 M with respect to MoO.-?, 
4 MoO.-2 + 6 H+= Mo4Ois-? + 3 H20 

vhilst at higher concentrations, 
5 MoOg4-2 + 4 MogOis-2 = 3 Mo7O24-® 

n solutions more concentrated than 0.05-0.1 M, and acidified with 1-1.5 equiv. acid, 
2 Mo7O2a-® + 4 MogOi1s-2 = 5 MoeO20-? 


TRICKLAND!° correlated the f-forming species with the meta ion, MogOi3-2, but 
1iled to identify the x-forming species. Therefore, the amount of f-silicomolybdic 
cid formed, and the rate of formation, will depend upon the amount of $-forming 
pecies in the molybdate added, and the rate of change of the molybdate at the 
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dilution and acidity in the reaction vessel. This is further complicated by the spon- 
taneous and irreversible change of f-silicomolybdic acid to x-silicomolybdic acid. 
Thus, if the molybdate is added in such a form and under such conditions that its 
change to the B-forming species is very slow, then the earlier-formed f-acid will have 
changed to the «-acid before all the silica has reacted. This will give low results if the 
p-acid is being measured; they will be even lower if some «-forming species is initially 
present in the molybdate added. 

Obviously, if the solution chemistry of molybdic acid, and the ion-form of molyb- 
date which reacts with silica to form the various silicomolybdic acids, were completely 
understood, the molybdate should be added in the form, and into the correct con- 
ditions, to yield the form of silicomolybdic acid desired. Inasmuch as solutions of 
ammonium molybdate made up at a pH of less than 6.5 polymerize with time, and 
because the chemistry of molybdate in solution is so imperfectly known, it is analyti- 
cally safer to add molybdate in the form of the simple MoO,~? ion in solutions of 
pH greater than 6.5. To allow any latitude in the aliquot of silica solution used the 
quantity of molybdate added must be comparatively small, and consequently there 
will be considerable change in the concentration in the reaction vessel compared with 
the stock solution. For example, adding ammonium molybdate solution at its natural 
pH of about 5.2 and in such amounts that its concentration in the reaction is 0.03 M 
with respect to MoO,~2, considerable variation in absorbance was found depending: 
upon whether the solution was diluted to volume (less volume of ammonium molyb- 
date) before addition of molybdate, or all dilution reserved until after addition of 
molybdate. When using ammonium molybdate from stock solutions at pH 7.3 andi 
such quantities as to give a concentration of 0.06 M in the reaction, the broad pH zone 
over which the same constant values are obtained (Fig. 2) results in there being no dif 
ference in absorbance due to differences in initial and final acidity in the reaction vessel. 

The much reduced rate of reaction between silica and molybdate solutions at 
acidities greater than pH 1.0 was suggested by MULLIN AND RILEy?3 to be due to 
polymerization of silicic acid. This is demonstrably not so in solutions less concentrated 
than about I00 p.p.m. SiOz. An impressive number of workers!,9,15-1? have shown 
that monosilicic acid solutions are quite stable up to concentrations of 100 to 150 
p-p.m. irrespective of pH. To prove the point, a solution containing 1 mg monosilicic 
acid ata concentration of about 50 p.p.m. was allowed to stand at a pH of 0.3 for 24 h. 
This solution was then brought up to a px of 1.5 and ammonium molybdate added. 
The absorbance was found to be the same as when the same total reagents were used 
but the silica added at a pH of 1.5. For these reasons it is believed that STRICKLAND’s! 
contention that non-reaction or very slow reaction at high acidities is due.to the pres- 
ence of a non-reactive form of molybdate is correct. STRICKLAND!° postulated that 
at very high acidities molybdate is present in a y-form, probably as the cationic ion 
MoO2+? formed from b-molybdate. The y-molybdate is said to be completely un- 
reactive towards silica, but the slow reaction noted at high acidities is due to a trar 
sient stability of the 6-form before its conversion to y-molybdate. It may be noted that 
polymers of silica smaller than 20 my are depolymerized to the monomeric form in 
the presence of ammonium molybdate!8, 
Acer = aa toa ; hi aap out by STRICKLAND!0 is to cause the develop- 
stage eb re . hig rhein : sor ance) than a corresponding amount of chloride 

8. 3% e y of f-acid seems to be greater, however, when HeSQu 
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used as the acidifying agent; the maximum color development (in the range 2.7 to 
0 equiv. acid per mole MoO,~2) is attained within 2 min and remains stable for 
t least 20 min. Absorbance obtained with HCl shows a slight variation after 2 min 
1 the same acidity range and, unlike H2SOu, is not exactly the same value over this 
ange. Clearly, although H2SO. causes a small reduction in absorbance compared with 
[Cl due to the formation of «-acid, the sulphate ion appears to stabilize the f-acid 
yrmed. 

Increase in temperature accelerates the change f- to x-acid!°, and boiling temper- 
tures were utilized in the analytical method of RincBom et al.1! to ensure the rapid 
nd complete formation of x-silicomolybdic acid. There is also a positive temperature-— 
bsorbance coefficient for both «-acid1! and f-acid!°. A high temperature factor of 
004 absorbance units per degree centigrade was reported for «-acid. The maximum 
ariation found by the writer in admittedly few experiments was 0.001 absorbance 
nits per degree centigrade up to 35°; above 35° the positive variation was offset by 
1e formation of significant amounts of x-acid, 


ANALYTICAL CONSIDERATIONS 


n formulating a method for the determination of silica, it is desirable that conditions 
e such that the color is reproducible, stable over a reasonable period of time, relative- 
y insensitive to pH variation, in some cases capable of measuring total and soluble 
ilica, and be as rapid as possible. 

It cannot be denied that the observation by R1nGBom ef al." that the best analytical 
onditions are obtained by the development of the stable «-silicomolybdic acid is 
10st logical. The necessity of boiling the solutions to promote complete formation 
f the «-acid is, however, time-consuming, and leads to complications when it is 
esired to estimate the amount of monosilicic acid as well as total silica in aqueous 
amples. Moreover, the sensitivity of the test using the «-acid is considerably reduced 
ompared with the f-acid. 

It is believed that the present work completely vindicates STRICKLAND’s!° sugges- 
ions that to ensure development of f-acid it is necessary that the concentration of 
1olybdate be such that [Mo] = 0.05 after the silica has combined, and that there 
nhould be 3 to 5 gram equiv. of hydrogen ion per gram ion MoO,~?. Whereas most 
ublished analytical techniques have strived after the formation of the f-acid, the 
ick of concordance between authors and dissatisfaction with the methods (as evi- 
enced by the large number of published works on molybdate methods for determining 
iO2) is due to lack of appreciation of the fact that two forms of silicomolybdic acid 
<ist, and insufficient precautions to ensure constant development of one of these 
rms. Thus, the concentration of ammonium molybdate in the reaction proposed 
y BunTING! is barely enough to react with 2 mg SiOz and in no way constitutes 
n excess as defined by STRICKLAND!9; the practice of strongly acidifying the am- 
onium molybdate stock solution allows uncontrolled and unknown polymerization 
y take place. Methods which advise waiting ‘‘about an hour’’ for the full development 
‘ color are clearly open to great variation, whilst heating the sample under conditions 
‘dominant f-acid formation can only lead to the formation of variable amounts of 
acid. ' en 

The knowledge that ammonium molybdate reacts rapidly only with monosilicic 
jd, and the fact that monosilicic acid present in concentrations much above 100 p.p.m. 
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will polymerize makes the initial treatment of solid samples — and aqueous samples 

of high silica concentration — of critical importance. It is, therefore, necessary to use 

weights and volumes such that the concentration of silica in the final sample solution 

should not be greater than 100 p.p.m. CARRERO AND RAMALLO?° stated that quartz 

could be accurately brought into solution at reasonable temperatures and within a 
reasonable time only with NaOH; the writer has found that NazCOs fusions are liable 

to give low results, and that solid NaOH should be used for both solid and high-silica 

aqueous samples. 

The interference of other ions has not been investigated during the present study. 
MULLIN AND RILEY!% reported upon the interference of a comprehensive list of cations 
and anions. The most important source of interference likely to be encountered in 
most geological work is from iron and phosphorous. MULLIN AND RiILEy?* found that 
by reducing iron with hydroxylamine hydrochloride, 0.2 p.p.m. Si can be determined 
in the presence of 100 p.p.m. ferric iron with an error of less than 1%; suppression of 
phosphorous was achieved by addition of oxalic acid after a method by SCHWARTZ*1, | 
allowing 0.2 p.p.m. Si to be determined in the presence of 5 p.p.m. of phosphate with 
no error. RINGBOM ef al.11 recommended the use of EDTA to avoid the formation 
of precipitates during the dissolution of silicate melts, and although the iron—EDTA — 
complex has a small absorbance at 400 my, this can be corrected by a blank; tartaric 
acid was found to be the best agent to mask phosphorous, but the masking was ap- 
parently not complete at 390 mu. LINDSAY AND BIELENBERG?? used sodium citrate 
to destroy the phosphomolybdate complex, whilst BUNTING!9 employed tartaric acid 
for the dual purpose of suppressing both iron and phosphorous. 

The employment of the reduced blue silicomolybdate complex offers a number of 
analytical advantages — there is no temperature coefficient and it has greater sensi- 
tivity — but suffers the disadvantage of being time-consuming and not well suited 
if it is desired to estimate the proportion of monosilicic acid as well as total silica in 
aqueous samples. The success or failure of the reduction method depends upon the 
same factors as when employing the unreduced complex, although the reducing agent 
may be of importance in some cases!3. As determined by STRICKLAND!°, formation 
of a mixture of «- and f-silicomolybdic acids either initially or by rapid change of 
B- to x-acid, will give on reduction a mixture of «x-silicomolybdous (greenish-blue) and 
B-silicomolybdous (royal blue) acid which have markedly different absorbance at 
wavelengths used, 7.e. above 625 mw. 


Method adopted 


Preparation of sample. Solid samples should be fused with solid NaOH (in the ratio 
of about 3 g NaOH to 0.1 g sample) in nickel crucibles for at least 10 min. The melt 
is leached into a plastic beaker and acidified with sufficient 1 N sulphuric acid to give 
a pH of about 1.5 to the final solution. The total dilution will depend upon the amount 
of silica anticipated in the sample; the dilution may be achieved by diluting to volume 
in 500- or r,000-ml volumetric flasks or, for greater accuracy, by diluting by weight in 
the plastic beaker. It must be stressed that the sample solution must not be strongly al- 
kaline when added to glassware, for silica will be dissolved leading to erroneous results. 

When it is desired to determine total silica in aqueous samples, a suitable aliquot 
should be boiled with solid NaOH in a nickel beaker, and then diluted as above. 
No treatment is necessary for determination of soluble silica. 
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Procedure. A suitable aliquot of sample solution is added to a 50-ml volumetric 
lask, acidified with 10 ml r N H2SOa, and followed by 10 ml of 0.3 M (with respect 
© MoO,a-?) ammonium molybdate. The latter solution is prepared by dissolving 
32.97 g of crystalline (NH.4)sMo7O24- 4 H20 in one litre of water with sufficient sodium 
1ydroxide to give a pH of not less than 7.0. The sample is diluted to 50 ml with distilled 
vater. The absorbance is measured at 400 my (at a slit width of 0.04 my when using 
1 Beckman Model DU spectrophotometer). The reaction with monosilicic acid is 
‘omplete within 2 min and if the proportion of monosilicic acid is to be determined 
n an aqueous sample, the reading should be taken at 2 min; if total silica is being 
letermined (which, of course, will be present as monosilicic acid after sample treat- 
nent) the reading should be taken not sooner than 2 min nor later than 10 min after 
.ddition of ammonium molybdate. 

Calculation of the silica content is made by reference to a standard curve. Standard 
silica solutions may be prepared either directly by dissolving sodium metasilicate 
Na2Si03:9 H2O) in distilled water acidified with H2SOs, so that the final px is about 
t.5 (about 60 ml x N H2SOs per litre) or by fusion of standard felspar or pure quartz 
n the same manner as outlined for preparing solid samples for silica determinations. 
lhe concentration of the stock solution should not be greater than 100 p.p.m. SiOz; 
30 p.p.m. SiOz was found to be suitable. Aliquots of the standard solution are used 
0 prepare a standard curve for concentrations up to about 2 mg SiO: per 50 ml. It is 
mportant that the standard determinations should be made with the same reagents 
resent in the same amounts as the unknown samples. 

Treatment of glassware. Dirty glassware should be thoroughly cleaned with chromic 
icid cleaning solution, followed by washing, and then a further cleaning with I : 1 
HCl, and a final wash with distilled water. If the glassware is regularly cleaned, it is 
sufficient to wash with r : 1 HCl. The writer confirmed the observation by MULLIN 
ND RILEy!3 that if glassware is allowed to dry, even after the most stringent 
vashing, it has an appreciable solubility under the conditions of the test. It was found 
convenient to leave the 50-ml volumetric flasks standing in an acid-bath containing 
. : I HCl, and wash well with distilled water just before use. 

Replicate determinations with a standard silica solution showed a maximum 
tandard deviation of 0.002 absorbance units in the range 0.1 to 1.0 mg silica per 50 ml. 
Maximum deviation occurred in the range 0.1 to 0.2 and again in the range 0.7 to 
.o mg SiOz per 50 ml. The higher deviation in the lower range is attributed to pipet- 
ing error, whilst in the higher range it is probably due to lack of instrument-reading 
ensitivity. These determinations were carried out by the method outlined above with 
10 special temperature control, and the standard deviation found does not include 
rrors due to weighing or diluting of the sample; nevertheless, it is believed that it 
epresents an adequate degree of accuracy. 
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SUMMARY 


The development of rapid colorimetric analytical techniques for silicates has catalysed many 
fundamental research programs in the geological sciences. Despite a multitude of papers on the 
silicomolybdate colorimetric technique for the analysis of silica which appear in the journals of 
nearly all sciences, it was found extremely difficult to adapt any published method for a particular 
purpose, and obtain reliable results. This is due to a lack of appreciation of the factors which control 
the silicomolybdate reaction. Data are given which indicate that the major factors are the polymer 
species of molybdate, which is controlled largely by the px of molybdate stock solution ; the 
concentration of molybdate; the ratio of acid to molybdate in reaction ; and the type of acid used 
in the reaction. The effect of these variables is outlined, and an analytical procedure for both 
“soluble’’ and total silica outlined. 


RESUME 


Une étude critique a été effectuée au sujet du dosage colorimétrique de la silice sous forme de 
silicomolybdate. Divers facteurs ont été examinés et la méthode, finalement adoptée, pour le 
dosage de la silice ‘‘soluble’’ et de la silice totale est décrite. 


ZUSAMMENFASSUNG 


Beschreibung einer kritischen Untersuchung iiber die colorimetrische Bestimmung von Kieselsaure 
als Silikomolybdat. Unter Beriicksichtigung des Einflusses der verschiedenen Faktoten (pH, 
Konzentration etc.) wird ein Verfahren zur Bestimmung von léslicher und Gesamtkieselsaure 
angegeben. 
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WITH MUREXIDE (AMMONIUM PURPURATE)* 
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Division of Applied Chemistry, National Research Council, Ottawa (Canada) 


(Received November 17th, 1960) 


ere have been comparatively few procedures recommended for the spectrophoto- 
tric determination of strontium. Of three that have been developed, that involving 
oranilic acid as the reagent! is an indirect method of low sensitivity. The others, 
h produced by PoLLtarD AND MartTIN?, use murexide and o-cresolphthalein com- 
xone respectively as the reagents. Unfortunately, the experimental results upon 
ich these two methods are based were not recorded by the authors. 

\ttempts in this laboratory to utilize the murexide procedure in order to determine 
quantities of strontium were unsuccessful. This was apparently due to the insta- 
ty of both the murexide reagent solution and the strontium—murexide complex 
duced when the recommended procedure was followed. As a result we have 
de a further study of the spectrophotometric determination of strontium with 
rexide and this communication describes a modified method which we have found 
ful for determining small amounts of strontium. 

Murexide is a highly coloured substance which forms chelates with many metal ions. 
ese metal chelates differ in colour with the strength of binding and the pu of the 
ution. The material has found wide use as a metal indicator in complexometric 
ations, especially for the EDTA titration of calcium. It has been used by several 
rkers for the photometric determination of macro quantities of this metal in neutral 
ition®»4, and wg amounts in alkaline medium®:®. The latter procedure® employing 
olution of the dye in 70% (v/v) ethanol was adapted for the determination of 
mtium by POLLARD AND MARTIN? by increasing the reagent concentration and 
ing precautions to minimize the differential errors between the blank and sample 
itions due to the high rate of decomposition of the murexide reagent. 

Ve have found that a solution of murexide in 80% (v/v) ethylene glycol results 
1 reagent of greatly enhanced stability, and addition of ethylene glycol to the 
stion mixture results in a stable strontium-—murexide complex. 


EXPERIMENTAL 


ytometric measurements were made with a Beckman Model DU spectrophotometer 
| optically matched 1.00-cm cells. A constant slit width of I.o mm was used since 
reagent blank was quite optically dense and small variations in slit at the wave- 
th employed (510 my) resulted in substantial variations in absorbance. Spectral 
ves of the coloured solutions were made with a Beckman Model DK-r recording 
‘trophotometer. 


R.C. publication No. 6279. 
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Murexide was obtained from two sources: J. T. Baker Chemical Co. (“Baker 
Analyzed” Reagent) and Siegfried Chemicals and Pharmaceuticals, Switzerland. All 
chemicals used were of analytical reagent or C.P. grade. One batch of ethylene glycol 
was found to be contaminated with a small amount of calcium and was redistilled 


before use. 


Development of the procedure 
Initially, attempts were made to stabilize the reagent solution and the colour 
system by varying some of the conditions recommended by POLLARD AND MARTIN2. 
These included (i) varying the percentage of ethanol in the reagent, (77) adding ethanol 
in various proportions to the reaction mixture, (77) varying the pH slightly by the 
addition of more or less 0.05 M sodium hydroxide solution, (tv) varying the reagent 
concentration and (v) keeping the reagent and samples at 0° in an ice-water bath before 
mixing and cooling the cell compartment of the spectrophotometer to less than 20° 
by passing cold water through a pair of thermospacers bracketting the compartment. 
These were all unsuccessful, although enhanced stability was obtained with the col 
solutions. 

BrunisHo1z et al.” had reported that a saturated solution of murexide in anhydrou 
ethylene glycol provided a fairly stable dye solution for use as a metal indicator. 
A solution of this type was prepared and found to be very stable when kept refriger- 
ated. However, it was found difficult to reproduce these solutions as the murexide 
concentration varied widely from batch to batch. Solutions of murexide in 80% (v/v) 
ethylene glycol were found to be of equal stability, and could be easily prepared a 
a given concentration. A 0.05%-solution of the dye in this medium was chosen as 
the reagent. One batch of this reagent was used over a period of six weeks with n 
apparent deterioration. 

In experiments to find optimum conditions for the colour reaction the following 
basic procedure was followed. A solution containing 93.8 wg of strontium as th 
chloride was transferred to a 25-ml volumetric flask, and ethylene glycol and 0.05 / 
sodium hydroxide were added. The solution was well mixed and set in an ice-wate 
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Fig. 1. Typical spectra of murexide and the stronti 


‘ um complex. A, reagent bl i 
B, reagent plus strontium against water. C, reag, P g ank against wate 


ent plus strontium against a reagent blank. — 
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ith to cool. After cooling, the cold reagent was added, the solution was made up 
volume with water, shaken, and the absorbance measured against a reagent blank 
nich was simultaneously prepared. 

The preparation of simultaneous blanks is essential. Although the murexide reagent 
quite stable when refrigerated, it decomposes slowly at room temperature. Any 
{ferential errors due to this decomposition are minimized by this precaution. The 
te of reagent deterioration can be reduced appreciably by cooling the cell compart- 
ent, but this was not deemed necessary. 

Typical spectra of the reagent and strontium-—murexide complex are shown in 
g. I. Since the absorbance of the reagent is relatively high, curves A and B which 
present absorbance curves of the reagent blank and of a sample respectively meas- 
ed against water, have been reduced in size so that a better comparison can be 
ade with curve C which represents a sample measured against a reagent blank. The 
sorbance maximum of curve C was found to be at 510 mu. 

The stability of the coloured complex was directly proportional to the quantity of 
hylene glycol added to the system (Fig. 2). 15 ml was chosen for all subsequent 
terminations. 


Absorbance’ 


10 20 30 40 50 
Time (min) 
x. 2. Effect of ethylene glycol on the stability of the strontium complex. A, 5.0 ml ethylene 
glycol added. B, 10.0 ml ethylene glycol added. C, 15.0 ml ethylene glycol added. 
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,. 3. Effect of varying amounts of reagent. Fig. 4. Effect of varying amounts of sodium 
hydroxide solution. 


The absorbance increased with the quantity of reagent added until a maximum 


is reached at 3.0 ml (Fig. 3). 
Also, with 3.0 ml of reagent, the absorbance increased with the quantity of 0.05 M 
{jum hydroxide added, levelling off at about 3.0 ml (Fig. 4). Although a slight 
‘rease in sensitivity may have been obtained at 5.0 ml, 3.0 ml was chosen as the 
timum amount in order to keep the pH as low as possible, enhancing the stability 
the coloured species. The px of this solution was found to be 11.3. 


Anal. Chim. Acta, 25 (1961) 81-84 


84 D. S. RUSSELL, J. B. CAMPBELL, S. S. BERMAN 


Beer’s law is followed up to approximately 8 wg per ml, after which the slope of 
the absorbance curve steadily decreases with increasing strontium concentration. 
Increasing the quantity of reagent had no effect on this curve. 

Six replicate samples, each containing 93.8 ug of strontium in a final volume of 
25 ml gave a mean absorbance of 0.265 with an average deviation of 0.003 or 1.1%. 

Experiments showed that most elements usually associated with strontium interfere 
in this determination, even when present in very small amounts. For example, the 
following quantities in wg produce an approximately 5% increase in the absorbance 
due to 93.8 wg of strontium; Mg: 300, Ca: 2, Ba: 50, Li: 75, K: 150, Ag: Io. 

These interferences can generally be removed by ion exchange®.? or paper chro- 
matography!°. In our own case where we were interested in the analysis of small 
quantities of silver-strontium alloys used in X-ray diffraction work a micro precip 
itation of silver as silver chloride served to reduce the silver concentration to belo 
the level of interference. 


Recommended procedure 

Reagent: Prepare the 0.05°%-murexide reagent by dissolving 125 mg of the dye 
in 50 ml of water and adding 200 ml of anhydrous ethylene glycol. Allow the solution 
to stand overnight in a refrigerator and filter cold through a Whatman No. 42 paper. 
Keep the solution in an ice-water bath when in use and store under refrigeration. 

Method. Evaporate the strontium sample to dryness and transfer with a few ml 
of water to a 25-ml volumetric flask. Add 15.0 ml of ethylene glycol and 3.0 ml of 
0.05 M sodium hydroxide solution. Dilute with water to about 22 ml. Mix well and 
cool the solution in an ice-water bath. Add 3.0 ml of the murexide reagent and dilute 
to volume. Shake well and measure the absorbance in matched cells at 510 my against 
a reagent blank which has been prepared simultaneously with the sample. 


SUMMARY 


A procedure for the spectrophotometric estimation of wg-quantities of strontium with murexide 
is described. Conditions for the optimum stability of the coloured strontium complex have been 
determined, the main feature being the addition of large quantities of ethylene glycol to the 
system. Most elements interfere so that it is necessary to isolate the metal before the determination 


RESUME 


Une méthode est décrite pour le dosage spectrophotométrique du strontium au moyen de murexide 
De nombreux éléments génant, une séparation préalable est nécessaire. 


ZUSAMMENFASSUNG 


Beschreibung einer spektrophotometrischen Bestimmung von Strontium mit Murexid. Wegen des 
stérenden Einflusses der meisten anderen Elemente ist eine Abtrennung erforderlich. 
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INTRODUCTION 


hen organic solvents are used in extraction processes, it is often necessary to de- 
‘mine small amounts of esters or alcohols in the organic or aqueous phases. 
FEIGL1,? mentions a spot test for alcohol as follows: vanadium(V) forms a complex 
th oxine?:4 in an acetate medium, the ratio of vanadium to oxine being 1:2. The 
mplex is insoluble in water and acetic acid but dissolves in benzene, chloroform, 
etone, alcohol and trichlorethylene, giving a dark greyish-green colour to the 
yanic phase. 

If alcohol is added to the suspension of the vanadium complex in water and an 
traction with benzene is carried out, the organic layer appears red. It is presumed 
at a second complex with the alcohol is formed (II) which is more stable than the 
tial vanadium oxine complex (I). 


; N P ay 
I 
aia | es 


OH... R(CH2OH)z 
II 


is secondary complex (II) is formed with primary, secondary and tertiary alcohols 
t not with alcohols containing a phenolic or carboxylic group (citric or lactic acid, 
enol) except where the carboxylic group has undergone esterification e.g., the ester 
lactic acid. 
BuUSCARONS, MARIN AND CLAVER® examined the colours obtained by dissolving 
nadium oxinate in a long series of organic compounds. They found that the reddish 
our is given only with alcohols. These authors report a sensitivity limit of I. 5 Yo- 
%, alcohol in a mixture of organic solvents and 2.5 °/,-5% alcohol, when testing 
aqueous solution. 
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If the aqueous phase (pH 3.5-5) contains insufficient alcohol together with the 
precipitate of vanadium oxinate, two colours are observed on extraction in the 
benzene layer: 

r. the reddish colour of the alcoholic vanadium-oxinate complex. 

2. the grey-black colour of the excess vanadium oxinate. 

If it were possible to eliminate the vanadium-oxinate complex (I) from the organic 
phase leaving only the complex (II), a quantitative determination of small amounts 
of alcohol would be feasible. Such a method is described here. 

When the organic coloured layers are washed with N sodium hydroxide solution, 
the vanadium oxinate is transferred to the aqueous phase, while the alcohol complex 
remains in the organic phase along with part of the excess oxine. 


EXPERIMENTAL 
Absorption as function of wavelength 


Determination of the absorption of the alcohol complex in benzene solution at 
various wavelengths was carried out at a concentration of 1.8 mmole of alcohol; 
methyl, ethyl, butyl and amyl alcohols were tested (see Fig. 1). In these experiments 
only one benzene extraction was done. Similar curves were obtained for the four 
alcohols. The highest absorption was obtained with amyl alcohol; absorption de- 
creased through butyl and ethyl to methyl alcohol. In all four spectra two flat areas 
(plateaux) were found in the two regions, 370-400 mu and 450-480 mu. 

In Fig. 1, it is difficult to see the flattened areas of the methyl alcohol complex: 
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“1g. 1. Absorption of alcoholic vanadium-oxinate compl i 
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t when the above experiment was repeated with large quantities of methyl alcohol 
e curve was the same as for the other alcohols. 

A control containing all the reagents used, but no alcohol, was also examined. 
The spectrum of the control is apparently given by oxine (which is present in 
cess) and which remains partly soluble in benzene even after the extraction of the 
nadium oxinate with alkali from the organic phase. The spectrum found for the 
ntrol has the same features as that found by MoELLER‘® for oxine (see ¢ in Fig. 1). 
can be seen that the first flat area of the spectrum is an area of maximum absorp- 
m for the vanadium -oxinate-alcoholate complex. For quantitative determinations 
erefore, a wavelength of 390 mu was chosen. At this wavelength, sensitivity is 
shest and the influence of oxine on the readings very small. 


agents 

(z) Solution of ammonium vanadate containing 1 mg of vanadium per ml. 

(2) 2.5% solution of 8-hydroxy-quinoline in 6% acetic acid. 

(3) Buffer solution of acetic acid—sodium acetate, pH = 4 (100 ml of acetic acid 
and 53.5 g of sodium acetate). 

(4) Benzene, Baker analytical reagent. 

The two phases were kept at fixed relative volumes, the ratio of the organic to 

jueous phase being 2 : TI. 


rocedure 

t ml of ammonium vanadate solution and 1 ml of the oxine solution were added to 
e sample under test (containing 50-500 ug of alcohol) followed by buffer solution 
a volume of 7 ml. 

The mixture was shaken in a Burrell wrist action shaker with 15 ml benzene for 
min. After separation of the phases, extraction from the aqueous phase was re- 
ated twice with fresh quantities of benzene and the other reagents. 

The benzene extracts were collected and, after washing with 10 ml of N sodium 
‘droxide solution, the optical density was read in the spectrophotometer; a Coleman 
iversal spectrophotometer or a Beckman DU quartz spectrophotometer was used. 


RESULTS 


¢. 2 shows the relationship between the concentrations of four different alcohols 
the benzene solution and the optical density of the complex at 390 my after correc- 
n for the blank. As might be surmised from Fig. 1, the sensitivity increases with 
» molecular weight. The maximum deviation in results is + 2.5%. The relative 
‘an deviation is usually 2°. The smallest quantities of alcohol which could be 
tected are shown in Table I. 


TABLE I 
Concentration in Concentration in 
the final benzene the original sample, 
solution, g/ml pg/ml 
Butyl or amy! alcohol 1 ine) 
Ethyl or methyl alcohol 2-3 20-30 
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The proportionality of optical density to concentration was checked up to a con- 
centration of 16-20 ug of alcohol per ml of the final benzene solution (see Fig. 2). 
From Fig. 2 it also appears that the sensitivity of the amyl alcohol complex i 
less than that of the butyl alcohol. If the amounts of alcohol are calculated in mmoles 


0.35 


0,20 
0/§ 4-- ---- -—---/--- --- 0 --5“- ---------- 


0.10 


2 4 6 6 O 2 I 16 18 20 pg/ml Alcohal 


Fig. 2. Absorption as function of alcohol concentration (weight units), 2 = 390 my. Coleman Senior 
spectrophotometer. O amyl alcohol complex; © butyl alcohol complex; e ethyl alcohol complex; 
@ methyl alcohol complex. 


QI5 ---—— — F}-— —-— ~~~ — ga —---- 


Qio 


0.05 


O/ Q2 03 0.4 05 0.6 Milimole Alcohol 
Fig. 3. Absorption as function of alcohol concentration in molar units (A = 390 mu). Colema 
Senior spectrophotometer. © amyl alcohol complex; © butyl alcohol complex; @ ethyl alcoh 
complex; ® methyl alcohol complex. 
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the same optical density of 0.15, for example, the curve for the amyl complex 
pears higher than that for the butyl complex. 

Chis is clearly seen in Fig. 3 where curves are given of optical density as a function 
molar concentration of alcohol. 

in Table II, some physical constants of the alcohols are given. 

Possible cation interferences have not been studied but data collected from the 
rature®~® shows that the metals extracted with oxine at pH 4-5 are: Al, Bi, Cu, 
, In, Mo, Ni, Ru(III), Pu(IV, VI), Sn(IV), Ti, V, W, Zn. Of these metals, only 
oper is totally extracted at pH 14, while no aluminium or iron and probably no 
lybdenum, nickel, titanium or vanadium is extracted. 


TABLE II 
PHYSICAL CONSTANTS OF ALCOHOLS 


Molecular extinction 
coefficient of vanadium- 
oxinate complex 
(according to Beer’s law) 


Dielectric 
Alcohol Mol. wt. constant of 
the alcohol 


Methyl (CHs3OH) 32 32.6 175 
Ethyl (C2HsOH) 46 24.3 312 
Butyl (CaHgOH) 74 70 890 
Amyl (CsHi1OH) 88 13.9 1000 
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SUMMARY 


pectrophotometric method for the determination of small amounts of methyl, ethyl, butyl 
| amyl alcohols is described. The sensitivity of the method is of the order of 10 ug/ml of test 
ition in the case of butyl and amyl alcohols and 20-30 g/ml in the case of ethyl and methyl 
yhols. The molar extinction coefficient rises with the molecular weight of the alcohol. The nature 
he alcoholic complex is not yet known. 


RESUME 
> méthode spectrophotométrique est proposée pour le dosage des alcools méthylique, éthylique, 
ylique et amylique. On observe que le coefficient d’extinction moléculaire augmente avec le 
is moléculaire de l’alcool. 


ZUSAMMENFASSUNG 


chreibung einer spektrophotometrischen Methode zur Bestimmung kleiner Mengen Methyl-, 
hyl-, Butyl- und Amylalkohol mit Hilfe des Vanadiumoxinat Komplexes. Es wurde festgestellt, 
; der molekulare Extinktionskoeffizient mit zunehmenden Molekulargewicht des Alkohols 
sser wird. 
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IN NUCLEAR GRAPHITE 
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Laboratori Riuniti Studi e Ricerche S.p.A., S. Donato Milanese, Milan (Italy) 


(Received December 21st, 1960) 


The use of graphite as a power reactor moderator necessitates a study of analytical 
methods for the determination of very low concentrations of those elements which 
show a high neutron cross section. Amongst these elements is boron, which is usually 
present in graphite and for which normal purification processes are ineffective. The 
chemical determination of boron at the concentrations which do not affect the reactor 
performance requires difficult and time-consuming techniques. 

The purpose of this work was to develop a method for the spectrographic determi- 
nation of the boron content of nuclear graphite at concentrations between 0.1 and 1.0 
p-p-m. Such a method had to be, moreover, rapid and economical, 7.e. properly 
developed for low-cost routine analysis on thousands of samples. 

It was deemed advisable, due to cost problems, to eliminate the use of boron-free 
graphite for the electrodes. For this reason, among the methods in the literature we 
excluded the possibility of adapting the methods of FELDMAN AND ELLENBURG! 
RUSSMANN2, SHUGAR’, GARTON4 or LEPPLA AND MARKEL®, Some of these methods 
were also excluded because the sensitivity indicated by their authors did not meet 
our requirements. 

The addition of substances as internal standards and their accurate mixture — as 
far as graphite is concerned — are rather tedious operations (as RUssMANN? points 
out). Therefore the possibility was studied of using the background as an internal 
standard with considerable time saving in the preparation of analysis samples. The 
selection of background as internal standard proved to be quite satisfactory and 
effectively allowed the use of the sample itself without any handling other than shaping 


APPARATUS 
itm medium quartz spectrograph (type E 498: dispersion at 2500 A approx 
g A/mm) was employed for the determinations. For a rapid consumption of the sample, 
an arc source of 380 V d.c. and delivering a 20-A maximum output, was constructed 


F or the direct sample support, metallic (brass) electrode holders were adopted. Ilford 
ordinary plates were used and were developed by Ilford ID2. 


EXPERIMENTAL 


For the preliminary work we considered the possibility of analysing both block and 
powder samples. Of course it is easy to obtain cylindrical sticks from blocks for the 
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mation of the two electrodes. On the other hand, powder samples require working 
and moulding. 

For this purpose we adapted the method used by Garton‘ to prepare graphite 
lets suitable for insertion on the end of his boron-free graphite electrodes. 

he method was as follows: to 5 parts of finely powdered sample (approximately 
9 mesh), one part of bakelite solution was added (we used the SUPERBOL product 
Monti & Martini Co. which blank tests showed to be boron-free). The substances 
re mixed thoroughly and accurately and the mixture was dried at 110°. The sample 
S$ subjected at 150° to a pressure of 14,000 p.s.i. Rectangular rods which were 
nm wide and 20-25 mm high were obtained. Such electrodes were used with a 17-A 
. In order to obtain sufficiently intense boron lines, a rather high sample consump- 
n and relevant exposure time were required. On the other hand it was necessary 
prevent the background from reaching prohibitive values; for this purpose the 
sctrograph was illuminated by an intermediate image of the arc from which the 
ctrode image was removed by masking. The electrode spacing was maintained during 
posure at 4 mm and the slit width was 5 w. 

Before exposure, electrodes were arced for a few seconds in order to eliminate any 
ces of volatile and easily inflammable bakelite residues. The arc was then re-lighted 
3 min for the exposure. Electrode masking allowed such a long exposure time 
thout excessive background values around the two boron lines. Plate calibration 
s made by the two-step filter method on an iron spectrum. 

As the boron analytical line, we used BI 2497.73, on which no interference has been 
ted by the elements present as impurities in nuclear graphite. As background value 
2 minimum blackening value between B 2496.78 and B 2497.73 lines was employed. 


RESULTS 


e calibration curve was plotted by starting with two analyzed powdered graphite 
mples containing I.05 and 0.10 p.p.m. of boron respectively. By mixing the first 
th Ringsdorff RWD graphite powder (boron-free), two other samples were obtained 
ataining 0.525 and 0.210 p.p.m. of boron. Once the electrodes had been obtained and 
ed as described above, the calibration curve was determined (Fig. 1). The abscissa 
lues indicate the boron concentration in the initial sample, 7.e. before bakelite 
xing. 

Boron lines proved to be easily measurable for concentrations ranging from 0.2 to 
/p.p.m.; between 0.1 and 0.2 p.p.m., insufficient blackening against the background 
yws only a semiquantitative estimation. 

[he points shown on the calibration curve are the average of three relatively 
isistent values. 

When a series of electrode couples containing 0.525 p.p.m. of boron were arced 
s1ve times in the same plate, the reproducibility of the method proved to beao% = 
, which was quite suitable for our purposes, especially if the data are used as the 
‘rage of 3 or 4 determinations. 

Different values for samples of the same concentration, were found only when the 
ults were obtained with electrodes which were considerably different in geometric 
» from couple to couple, or when the same couple was used for more than one 


yosure. ey 
‘or samples directly cut from blocks of the same boron content, the line-to-back- 
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ground ratio was found to depend on material aggregation and other uncontrollable 
factors. For this reason, the direct arcing of solid samples (cut from blocks) was im- 
practicable because it would have been necessary to prepare as many calibration 
curves as the types of graphite to be tested. 


CONCLUSIONS 


The method described is of practical and 
economic value for the analysis of a large 


rR number of powdered or pulverizable sam- 
x ples. The precision of the method is suffi- 
S cient for the concentration range under 
3 consideration. The time required for analy- 


sis of at least 10 samples, each being ana- 
lyzed three times and the calibration curves 
being replotted on each plate, is approxi- 
mately 1 sample/2 h/worker; this includes 
all operation times from preparing the 
samples to the final calculation. The meth- 
od is therefore suitable for graphite stock 
analysis for nuclear reactor purposes. 
A much more detailed account of thi 
O14 02 03 O5 0810 ppmB work will be published in Italian in Metal 
Fig. 1. Calibration curve for boron in graphite. lurgia Italiana. 


SUMMARY 


A spectrographic method is described for the determination of boron (0.2—1.0 p.p.m.) in nuclear 
graphite and for the estimation of 0.1-0.2 p.p.m. of boron. Neither boron-free graphite electrod 
nor additional foreign substances as internal standard are required. Both.the electrodes consist 
of sample powder, properly bakelite-processed. The standard deviation is 10%. 


RESUME 


Une méthode spectrographique est décrite pour le dosage du bore dans le graphite destiné a l’usage 
nucléaire, pour des teneurs de 0.2 @ 1.0 p.p.m. Les deux électrodes sont constituées par la poudre 
de l’échantillon a analyser comprimée et durcie par ‘‘bakélisation’’. 


ZUSAMMENFASSUNG 


Beschreibung einer spektrographischen Methode zur Bestimmung von sehr kleinen Mengen Bor 


in Kernreaktionen-Graphit, wobei die Elektroden aus dem zu untersuchenden Graphit mit Bakelit 
als Kittsubstanz bestehen. 
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INTRODUCTION 


ulometric measurements with dropping mercury electrodes have been employed 
determine polarographic m-values in three different ways. 
One1~? involves the periodic measurement of the diffusion current of the substance 
question during a prolonged electrolysis of a known volume of solution with a 
opping electrode, and the calculation of m from the slope of a plot of log ia versus 
ctrolysis time. In another?, the number of coulombs flowing during such an electro- 
sis is measured and compared with the change of diffusion current that occurs: if 
e amount of material originally present is known, and if the fraction of it that is 
duced is calculated from the ratio of diffusion currents before and after the electro- 
sis, m can be obtained from Faraday’s law. In the third4, the electrolysis current 
passed through a second dropping electrode in a solution containing a known 
1ount of a reducible substance (e.g., cadmium ion) for which 7 is known: if the dif- 
sion currents in the two electrolysis cells are measured separately before and after 
e electrolysis, it is possible to obtain the ratio of the number of moles of unknown 
bstance reduced to the number of moles of standard substance reduced by the same 
antity of electricity, and this immediately gives the ratio of m-values. 
Each of these techniques involves the danger of mechanical loss of an appreciable 
ction of the small volume of solution that must be employed. The first also involves 
‘ors due to local depletion of the solution around the tip of the dropping electrode; 
> others involve other errors which are associated with the explicit or implicit meas- 
ment of the quantity of electricity consumed during the electrolysis. These and 
ier errors have been studied by WEAVER AND WHITNACK?. 
This communication describes a fourth technique, which requires the use of only 
ingle dropping electrode, does not involve the use of any external apparatus for 
ent integration, and avoids many of the errors encountered in these other tech- 


ues. 


THEORY 
sume that a solution contains two reducible substances, A and B, which yield 
arographic waves corresponding to the half-reactions 
A+, e > A’ 


B+ pe > B’ 
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Assume that the waves are sufficiently well separated on the polarogram to permit 
their diffusion currents to be measured separately. If the solution is electrolyzed with 
a dropping electrode whose potential is maintained at a value on the plateau of the 
total combined wave, a current will flow which is the sum of the diffusion currents 
of A and B, and each of these will be reduced at a rate proportional to its own dif- 
fusion current. If it is further assumed that the diffusion current of each is proportional 
to its concentration by a proportionality constant k, then the rate of change of con- 
centration of A will be given by 


dCa tidy kaCa 


ee (x) 
dt WA Fy V Na Fy V 


Integration and obvious substitutions yield 


0.4343 tas 


—__—__— (2) 
ns FyVCh 


log (ta, /t¢,) = — 


where superscript zeros refer to the initial solution. Dividing this by the corresponding 
equation for B and rearranging, 


log (i%,/ia,)  ta,nBCe 
= (3) 


log (i3,Jia,) #4 mac 


in which the units are obviously immaterial as long as they are consistent. As the 
volume of solution does not appear in this equation, it need not be known, and losses 
(e.g., by entrainment into the gas stream used for deaeration and stirring) are without 
effect. Errors due to local depletion of the solution around the capillary tip are nearly 
eliminated by the fact that they will affect A and B about equally. 

What is required experimentally is that a solution containing known concentrations 
of a substance, A, for which x is to be determined, and of a second substance, B, for 
which ” is known, be electrolyzed with a dropping electrode at a potential on the 
plateau of the second wave for a length of time sufficient to decrease both concen- 
trations appreciably. The diffusion currents of A and B are measured initially and 
again at the end of the electrolysis, and ma is then calculated from eqn. (3). This is 
a considerably simpler technique than any of those previously proposed. 

The crucial chemical requirement is that neither of the products of the electrode 
reactions must be capable of reacting with either of the starting materials in any way 
that will lead to a change in the measured diffusion currents. In practice, this includes 
(but is not limited to) a requirement that the second wave be totally irreversible; 
satisfactory results are often impossible, and always difficult, to secure if this is not 
the case. Several examples of chemical interactions between products and starting 
materials that lead to erroneous results will be cited below, and it will be apparent 
that a judicious selection of the ‘‘pilot’’ ion is essential to success. 


EXPERIMENTAL 


Solutions containing known concentrations of two reducible substances were pre- 
pared from stock solutions which had been standardized by conventional methods. 
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From 0.25 to 0.50 ml of a mixture was placed in the dropping-electrode compartment 
of a micro H-cell® and deaerated with a slow stream of prepurified nitrogen which 
had been scrubbed with chromous chloride and then with water. When deaeration 
was judged to be complete, the dropping electrode was inserted and a polarogram 
was recorded. By appropriate adjustment of the bridge of the polarograph, a potential 
was then applied which was near the center of the plateau of the second wave on the 
polarogram, and the electrolysis was allowed to proceed for 1-2 hours with a stream 
of nitrogen flowing over the surface of the solution. At the end of this time, the solu- 
tion was stirred briefly with nitrogen, and a second polarogram was recorded. 

During the recording of each polarogram there is an interval during which only 
the substance responsible for the first wave is being reduced. As this is not taken into 
account in the derivation of equation (3), it causes the calculated value of for that 
substance to be a little too high. Hence the electrolysis interval should be much longer 
than the time during which the first wave is recorded on the polarogram. Moreover, 
the logarithmic nature of eqn. (3) is such that the normal experimental errors of meas- 
uring the diffusion currents will lead to a fairly large relative error in the calculated 
value of unless the electrolysis is allowed to proceed until at least about 50°% of 
each reducible substance has been consumed. 

A conventional pen-and-ink recording polarograph was used; in view of the con- 
siderations just outlined, care was taken to obtain all polarograms as rapidly as 
possible. All measurements were made at 25.00 +- 0.01°. 


DATA AND DISCUSSION 


A typical example of a successful application of the proposed technique is that in 
which the two reducible substances are thallium(I) and nickel(II). In one experiment 
a solution containing 2.05 mM thallous ion, 1.99 mM nickel ion, 0.005% gelatin, and 
1 F sodium perchlorate was electrolyzed for 60 min at —1.4 V vs. S.C.E. During this 
time the diffusion current of thallous ion decreased from 12.65 to 6.75 “A, while that 
of nickel ion decreased from 14.51 to 9.84 wA. Substituting these values, together 
with mm = I, into equation (3) yields wni = 1.91. A similar experiment with an 
ammoniacal ammonium chloride supporting electrolyte gave mxi = 1.95. The small 
deviations from the expected value of 2 can be attributed to errors of the order of 
+1% in the measurements of the four diffusion currents. As is usually the case in 
coulometric experiments with dropping electrodes, the precision of the result increases 
with increasing extent of depletion of the solution; hence it is advantageous to prolong 
the electrolysis as much as possible. 

An example of an interaction between starting material and electrolysis product 
that does not affect the calculated -value is that which occurs in the following experi- 
ment. A solution initially containing 2.00 mM copper(II) and 2.04 mM iodate in 0.1 F 
ammonia —o.1 F ammonium oxalate was electrolyzed at —1.40 V vs. S.C.E. for 2 h. 
The total diffusion current of the double wave representing reduction of copper to 
‘the amalgam decreased from 15.35 to 9.70 “A, while the diffusion current of iodate 
decreased from 46.9 to 29.3 wA. These data give mo, = 5-82. However, both the 
polarogram and the color of the solution at the end of the electrolysis indicated that 
the reaction Cu(Hg) + Cu(II) > 2 Cu(I) between the amalgam and the copper(II) 
which escaped electrolytic reduction had occurred to a considerable extent. The nearly 
correct value of obtained from the experiment reflects the fact that the copper(I) 
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produced by this reaction gave a diffusion current almost identical with the diffusion 
current of the copper(II) that the reaction consumed. 

At the other extreme, an interaction that does alter the u-value was encountered 
in experiments with solutions containing lead and cadmium ions. When a solution 
containing 3.97 mM lead and 5.00 mM cadmium was electrolyzed for t hata potential - 
on the plateau of the cadmium wave, the diffusion current of lead ion decreased from 
40.0 to 13.5 wA while the diffusion current of cadmium ion decreased from 44.8 to 36.0 
uA. Taking nca = 2, these data give tpn = 0.45. The error 1s due to the reaction 
Cd(Hg) + Pb++ — Cd++ + Pb(Hg), which occurs primarily, though not exclusively, 
at the surface of the dilute cadmium amalgam that collects at the bottom of the cell. 
When the experiment was repeated with a layer of chloroform to protect the amalgam, 
and when the tip of the dropping electrode was placed almost in contact with the 
surface of the chloroform, a value of 1.97 was obtained for mpp. On the other hand, 
with the tip of the dropping electrode 1 cm above the chloroform, the value obtained 
was mpp = 1.81, showing that the above reaction occurs to an appreciable extent 
during the brief interval between the detachment of a drop from the capillary tip 
and its entrance into the protective layer of chloroform. Protecting the pool of reac- 
tion product with a layer of chloroform is a simple and useful expedient in dealing 
with metal amalgams; unfortunately it is useless when, as is true in organic systems, 
the products of the electrode reactions remain in the solution phase. 

It is clear that much discretion must be exercised in choosing the pilot substance 
and in guarding against deleterious side reactions. When this is done, however, the 
convenience of the technique and its comparative immunity to mechanical sources 
of error should commend it to the attention of those seeking to determine polaro- 
graphic n-values by electrolyses with dropping mercury electrodes. 


SUMMARY 


The theory and the experimental and chemical requirements of pilot-ion coulometry with the 
dropping mercury electrode are outlined, and several examples are given of its application to the 
determination of n-values for half-reactions occurring in polarographic experiments. 


RESUME 


Une nouvelle méthode par mesures coulométriques (‘‘pilot-ion coulometry”’’) est décrite pour la 
détermination des valeurs de n en polarographie, avec électrode a gouttes de mercure. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung iiber ‘‘Pilot-Ion’’ Coulometrie mit einer Quecksilbertropf- 
elektrode. Das Verfahren dient zur Bestimmung polarographischer n-Werte. 
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Book reviews 


as Chromatography, 1960, by R. P. W. Scorr (Editor), Butterworths, London, 1960, 
vii + 466 pp., 95s. 


‘his volume contains the proceedings of the third symposium organised by the Society 
or Analytical Chemistry and the Gas Chromatography Discussion Group of the 
nstitute of Petroleum, held in Edinburgh in June 1960. Twenty-nine papers were 
resented at the symposium. Many of these describe developments in the theory of, 
nd construction of, capillary columns and of sensitive detectors, and demonstrate 
he significant advances made in these fields since the previous symposium. About 
alf the papers describe the application of gas chromatography to specific problems, 
nd their titles indicate the widespread appreciation of the value of gas chromatog- 
aphy in most branches of chemistry. Although the emphasis of the conference lay, 
ot unreasonably, on the use of chromatography for analysis, it is encouraging to 
ote one paper discussing factors involved in the construction of columns for prepara- 
ive-scale chromatography. 

This book should be available to all who are interested in gas chromatography, 
nd in these days this means the majority of chemists. It is to be regretted, of course, 
hat the proceedings of these excellent symposia as separate volumes has become 
stablished practice. The papers could more appropriately be published in available 
yurnals, as this would cause less confusion in an already overloaded literature. 


C. R. Patrick (Birmingham) 
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ualitative Analysis and Electrolytic Solutions, par EDWARD J. K1NG, Harcourt, Brace 
nd Company, New York, 1959, xxi + 641 pp., $ 7.25. 


e livre, que nous avons le plaisir de présenter aux lecteurs des “Analytica Chimica 
cta’’, est composé des chapitres suivants: Water; An Introduction to Solutes and 
olutions; Ionic Reactions and Ionic Equations; The Concentration of Substances 
. Solution; More About Solutes and Solutions; Coordination Compounds; Reaction 
ates and Chemical Equilibria in Solution; Precipitates and Colloidal Suspensions ; 
he Direction of Reversible Ionic Reactions; An Introduction to Calculations with 
quilibrium Constants; Acids and Bases; The Common Ion Effect, Buffer Solutions, 
idicators; Solutions Containing Several Weak Acids and Bases; The Dissociation 
' Complex Ions; Electric Cells; The Laboratory Work in Qualitative eae 
ution Group 1; Cation Group 2; Cation Group 3; Cation Group 4; Cation Group Cr 
he Properties of Anions; The Identification of Anions; The Analysis of Solids for 
itions and Anions; Special Methods of Qualitative Analysis; Appendixes. . 
La parution d’un nouveau manuel d’analyse qualitative pourrait laisser nos lecteurs 
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quelque peu indifférents, vu le nombre de publications déja existantes dans ce dos 
maine. Or, précisément, le livre en question est 4 prendre sérieusement en considé- 
ration, étant donné son originalité. 

En ce qui concerne la partie théorique, nous nous plaisons a reconnaitre que; peu 
& peu et en partant des notions les plus simples, l’auteur a su construire un édifice 
harmonieux qui s’érige jusqu’aux niveaux élevés de la chimie physique. (Nous ne 
citerons ici en exemple que le calcul des produits de solubilité a partir des énergies 
libres de formation). D’autre part, de bonnes références bibliographiques permettent 
aux étudiants intéressés d’étendre les connaissances acquises par la lecture de cet 
ouvrage. Des nombreux schémas et illustrations aident le lecteur a se faire une idée 
plus tangible des notions théoriques. Grace a de petits artifices d’écriture l’étudiant 
se rend compte quels sont les facteurs importants et quels sont les facteurs secondaires 
dans un calcul. Des exemples de calculs approximatifs et exacts sont également donnés 
avec une clarté qui est tout a l’honneur de M. KING. 

Quant a la partie pratique, elle est aussi satisfaisante. Elle est essentiellement 
classique, avec quelques heureuses modifications dictées par les acquisitions récentes 
de l’analyse chimique. 

L’impression du livre est impeccable et en facilite grandement la lecture. Nous 
recommandons donc vivement cet ouvrage dont l’introduction aux Universités 
Européennes serait a souhaiter. 

I. KAPETANIDIS (Genéve) 
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Mises au point de chimie analytique pure et appliquée et d’analyse bromatologique, 
publiées sous la direction de J. A. GAuTIER, 8e série, 148 pages (16.5 x 25), 14 fi- 
gures et 8 tableaux, Masson et Cie, Paris, 1960, 26 NF. 


La collection dont je lis et analyse réguliérement les Conférences, continue sa bonne 
voie. Avec un recul de 8 ans, on se rend compte qu’elle répond a un réel besoin. 
Le succés est di, nous le savons, au choix des sujets traités et, naturellement, de la 
notoriété des conférenciers, a la bibliographie intelligente et & une présentation agré- 
able. 

Cet ouvrage annuel contient cette fois une mise au point de P. CHovin sur la chro- 
matographie en phase gazeuse (appareillage, bases théoriques, température, phase 
stationnaire, etc.). L’auteur cite quelques applications corps gras, hydrocarbures, 
matiéres colorantes, aromes. La deuxiéme Conférence due A A. DESVIGNES a pour 
titre: Les possibilités de l’analyse par voie microbiologique. Les micro-organismes 
se comportent comme de véritables réactifs spécifiques dont on peut suivre | 
multiplication ou l’inhibition, la modification des activités métaboliques (dosage 
des hormones). L’auteur insiste sur les difficultés opératoires: choix et conservatio 
des souches. Ensuite, P. Devitters décrit en détail analyse bactériologique des 


sucres; il fait la critique des résultats, précise les normes 


les origines et les reméde 
aux contaminations. Puis, F, P ; 
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MOAN (avec 232 références) des problémes posés par l’emploi des pesticides en agri- 
ulture. L’auteur donne le dosage de résidus toxiques dans les aliments et les sols et 
elui d’un grand nombre de pesticides minéraux et organiques. 


Ci. Duvat (Paris) 
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‘he Identification of Organic Compounds by St1G VEIBEL, 5th Ed., 2nd English Ed., 
.E.C. Gad, Copenhagen, 1961, xvi + 426 pp. 


tis just over six years since the first English edition of this book appeared. During 
his time, many new developments have been made in the field of study covered by 
his book and it is proper that a new edition should now have been prepared. 

Professor VEIBEL’s work in the field of organic functional group analysis needs no 
lucidation or recommendation from this reviewer; his active researches in this 
ranch of organic analysis have earned him a world-wide reputation which this new 
dition can only enhance. The book retains the form and system of the 1954 edition, 
ut it has undergone appreciable revision, particularly with regard to the use of new and 
etter reagents for several functional groups, and the means of determining the 
quivalent weights of the various derivatives used to establish the identity of the 
nknown compounds. The extended use of non-aqueous titrimetry has led to the 
mprovement of many procedures for the determination of organic compounds. 
[any of these are now incorporated in the present text. The major part of the 
ook is concerned with the identification of functionality in organic compounds 
hrough the formation of specific derivatives and their quantitative analysis — an 
pproach to the subject of organic analysis at which Professor VEIBEL excells. In 
ontrast, however, the early chapter on ultimate analysis, both qualitative and 
uantitative, lacks details or even mention of the many excellent new tests and 
nalytical methods which have come to the fore in recent years. Obviously these 
spects of organic analysis form a minor part in the purpose of the present text. 

In conclusion, this book cannot be too strongly recommended to all interested 
1 organic analysis. It contains a wealth of information (over 400 pages of text in 
hat appears to be a very modestly sized book), and it is well indexed. The errors 
hich have been noted are mainly typographical and in no way alter the chemical 


OUI AES 3e W. I. STEPHEN (Birmingham) 
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ie Flammenspektralanalyse, von W. SCHUHKNECHT, Bd. 48 der Reihe: Die chemische 
nalyse, Ferdinand Enke, Stuttgart, 1g61, 258 Seiten, 42 Abbildungen, 67 Tabellen. 


ie spektrochemische Analyse mit Flammenanregung, an sich seit mehr als 100 
thren bekannt, hat in den letzten 15 Jahren eine stiirmische Entwicklung durch- 
macht. Nicht nur die Anwendungsméglichkeiten und die Leistungsfahigkeit der 
if diesem Prinzip beruhenden Verfahren, sondern auch die Zahl derer, die sich 
eser Methoden bedienen haben sich in dieser Zeit erheblich vergriéssert. Neben 
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einer grossen Zahl von Einzelveréffentlichungen tiber dieses Gebiet, die wohl tiber 
3000 liegen diirfte, sind auch eine Reihe zusammenfassender Darstellungen und 
Biicher erschienen, welche dem Bediirfnis derer Rechnung tragen, die sich neu in 
flammenspektralanalytische Verfahren einarbeiten wollen. Auch das hier vorliegende 
Buch von SCHUHKNECHT ist nicht als vollstandige und erschépfende Darstellung des 
Gesamtgebietes gedacht sondern als Einfiihrung in und als Hilfe fiir das praktische 
Arbeiten. Dementsprechend steht die Beschreibung und Diskussion der wesentlichen 
Vorgiinge, Einrichtungen, Arbeitsprinzipien und Fehlerméglichkeiten im Vorder- 
grund, in einem Umfange, wie es fiir ein verstandnisvolles Arbeiten erforderlich ist 
und nicht die referierende Behandlung der Literatur. Dabei ist weitgehend auf die 
eigenen Arbeiten des Verfassers Bezug genommen worden, der sich seit mehr als 25 
Jahren mit der Flammenspektralanalyse praktisch beschaftigt und wesentliche 
Beitrige zur Entwicklung der Methode geliefert hat, die besonders auf apparativem 
Gebiet und im Bereich der Anwendung auf praktische Fragen liegen aber auch dem 
Studium einiger theoretischer Fragen gewidmet sind. 

Zuniichst werden die Zerstauberbrenner und ihr Betrieb (30 Seiten) und die 
Anregung in der Flamme (34 Seiten) besprochen, danach Bau und Arbeitsweise der 
Flammenphotometer und Flammenspektralphotometer (33 Seiten), wobei ihre Vor- 
und Nachteile gegeneinander gehalten werden. Es folgt eine allgemeine Beschreibung 
der Arbeitstechnik und -methodik (21 Seiten). Besonders ausfiihrlich ist das Kapitel 
Flammenphotometrische Arbeitsvorschriften gehalten (74 Seiten), in welchem die 
Bestimmung der Alkali- und Erdalkalimetalle unter Verwendung des vom Verfasser 
entwickelten Gerates in verschiedenen Materialien in allen Einzelheiten beschrieben 
wird und Hinweise fiir die Bestimmung anderer Elemente, auch eniger Nichtmetalle, 
gegeben werden. Ein Abschnitt iiber Flammenspektrographie (18 Seiten) und ein 
Literaturverzeichnis (496 Zitate) schliessen das Buch ab. 

Das Buch kann als gute Grundlage zur Einarbeitung in die Flammenspektralanalyse 
empfohlen werden, aber auch dem Erfahreneren wird mancher aus der Praxis gege- 
bene Hinweis von Nutzen sein. 


H. Bopr (Hannover) 
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Publications received 


1. Contributi Teorici e Sperimentali di Polarografia, Vol. V, 1960, Supplement to 
La Ricerca Scientifica, A cura del Centro di Studio per la Polarografia, Price: 2500 lire, 
315 pp. 

2. Bibliografia Polarografica (1922-1959), Part I (1958) and Part II (1960), Supple- 
ment to La Ricerca Scientifica, A cura del Centro di Studio per la Polarografia, Price: 
8oo lire and 1,000 lire, 80 and 63 pp. ; 


3. Reagent Chemicals : American Chemical Society Specifications, 1960, prepared by the 
1960 Committee on Analytical Reagents (chairman: W. STANLEY CLABAUGH), Applied 
ublications, American Chemical Society, Washington, D.C., 1961, xv-+564 pp. 


4. ( himie générale et abrégé de Chimie minérale, par P. CoLMANT, Masson et Cie, Paris 
1960, 566 pp., 96 figs., Price: NF 45. . 
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Elsevier Monographs: 


.2»-expert knowledge in compact form.:. 


Gas Chromatography 


E. BAYER 
Institute of Organic Chemistry, Technical University, Karlsruhe (Germany) 


5 X TR xii + 240 pages 28 tables 88 illus. 420 refs. 1961 


Although compact, this monograph contains sufficient detail to be valuable 
both as a general laboratory manual and as a work to which reference 
may be made when specific problems arise. Particular attention has been 
paid to a comprehensive account of applications while the apparatus used 
is described in detail. 

There are over 400 literature references and the appendix contains tables 
of retention volumes (over 2000) and selectivity coefficients. 


CONTENTS: 


1. Introduction. 2. Theoretical Treatment. 3. Separatory Columns for Gas 
Chromatography. 4. Apparatus for Gas Chromatography. 5. Practical Ap- 
plications of Gas Chromatography. 6. Design and Mode of Action of 
Detectors. 


Principles and Applications of 
Paper Electrophoresis 


CH. WUNDERLY 
Medical University Clinic, Ziirich (Switzerland) 


5 X 74" xii + 255 pages 33 tables 73 illus. 1721 refs. 1961 


An up-to-date review of principles and applications of paper electrophoresis 
was urgently needed. This completely revised translation of the very success- 
ful German edition will fill this need, It gathers together in one compact 
volume information which is scattered throughout many publications of 
greater or less accessibility. Only that information which the very expe- 
rienced author felt to be utterly reliable has been included. The large 
number of results considered and the carefully compiled list of references 
(1721) will make this a standard monograph in the field, 


CONTENTS: 


1. Introduction. 2. Theoretical Foundations. 3. Methods. 4. Techni 
5. Results (about 100 pages devoted to chapter ay) . 4. Technique. 
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Incidental information 


> Acid radicles by colorimetry 


This method, depending on the liberation from 
chloranilates of an equivalent amount of highly 
coloured chloranilic acid, is continually gaining in 
scope as the appropriate chloranilates become 
available. 


We now prepare and supply from stock :— 
> Barium chloranilate for sulphate’ 


(J. E. Barney and R. J. Bertolacini, Anal. Chem. 30, 
202 (1958)). 
CODE 1909 Price—Sg: 10/9, 10g: 20/- 


> Mercuric chloranilate for chloride 


(the above paper and idem, ibid. 29, 1187). 
CODE 5541 Price—S5g: 10/6, 10g: 19/6 


> Lanthanum chloranilate for fluoride 
(K. Hayashi et al., Talanta, 4, 126 (1960)) and for 


phosphate (idem, ibid., 4, 244 (1960)). 
cope 5002°5 Price—5g: 11/9, 10g: 22/- 


Items of 


interest 
i from our 
laboratory 
notebooks 


> For analysis and production 


1:10-Phenanthroline, a sensitive reagent that gives a 
stable colour with ferrous ions, can be used to mask 
Cd?+, Co2+, Cu2+, Ni2+, Mn?+ and Zn?+ in the 
complexometric titration of Pb?+ and Al®+ with 
EDTA. (R. Pribil and F. Vydra, Coll. Czech. Chem. 
Commun., 24, 3103 (1959) (in German): Anal. Abs. 
2668 (1960)). It is also a dryer-catalyst and, in con- 
junction with manganese, can shorten the drying 
time of printing ink on ‘acid’ papers (W. H. Canty 
et al., Ind. Eng. Chem., 52, 67 (1960)). We offer in 
bulk for industrial use at considerably reduced prices. 
CODE 6580 Price—1g: 6/-, 5g: 23/3 


> Greater selectivity 


As our metal indicator Xylenol Orange is used in 
acid solution, the EDTA titration is unaffected by 
some common metal ions that do not form EDTA 
complexes at low pH. Selectivity can be increased 
still further by using acetylacetone, which will mask 
Fe*+, Al®+, Be?+, Pd?+ and UO,?+ in, for instance, 
the determination of Zn?+ or Pb?+ (W. Z. Jablon- 
ski and E. A. Johnson, Analyst, 85, 297 (1960)). 


The above are further examples from the great range 


of up-to-date reagents made available by Hopkin & 
Williams Ltd. 
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by 
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and 


P L ROBINSON, D.Sc., F.R.LC. 


@ An outline of current inorganic chemistry, sufficient for basic 
reading up to honours degree standard, is provided in one small 
volume. 


@ The approach is general and reasonably fundamental, thus, some of 
the material is suitable for advanced level and scholarship pupils — 
in schools and for non-specialist students in universities and  — 
technical colleges. 


@ Teachers will find this book very useful when planning instruction 
at all levels. 
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